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PREFACE

This documentation describes the two-level Mintz-Arakawa atmo-
spheric general circulation mode] developed by Professors Mintz and
Arakawa of the Department of Meteorology, Universiry of California,
Los Angeles. This is the first of a series of numerical models of
the global circulation being used at Rand in a research Program on
the dynamics of climate, Through the selective alteration of the
model's initial and boundary conditions, and of the model's physicai
and numerical treatment of atmospheric Processes, it is planned that
the sensitivity and response of the world's climates to either de-
liberate or inadvertent modification be explored. It is the pPurpose
of the present documentation to facilitate those modifications of
the model that may be required to simulate such climatic effects.
This model, which was developed at UCLA with the Support of the Na-
tional Science Foundation, is undergoing continuing development,
Particularly with respect to the Parameterization of convective heat-
ing and radiative transfer. The numerical solutionsg shown in this
report are for illustrative purposes only and should not be used to
Judge the model's ability to simulate climate. Although every ef-
fort has been made to ensure the accuracy of the model description
used here, the responsibility for any errors or misrepresentations

rests solely with the authors,

atic exploration of the Structurs and stability of the earth's clji-
mate. Meteorological Studies suggest that technologically feasible
operations might trigger substantial changes in the climate over broad
regions of the globe. Depending on their character, location, and
scale, these changes might be both deleterious and irreversible. 1If
such perturbations were to occur, the results might be seriously
detrimental to the welfare of this country. So that we may react
ra’ionally and effectively to any such occurrences, it ig essential

that we: (1) evaluate all consequences of a variety of possible
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occurrences that might modify the climate, (2) detect tvends in the
global circulation that Presage changes in the climate, either natural
or artificial, and (3) determine, if possible, means to counter
potentially deleterious climatic changes. Our possession of this
knowledge would make incautious experimentation unnecessary. The
Present Report is a technical contribution to this larger study of the

effects on climate of environmental perturbations.
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SUMMARY

In this documentation the physical bases of the Mintz-Arakawa
two-level atmospheric model are summarized, and the numerical pro-
cedures and computer program for its execution are presented in de-
tail. The physics of the model is summarized, with particular at-
tention given to the treatment of the moisture and heat sources,
including the parameterization of convective processes, cloudiness,
and radiation. The numerical approximations and finite-difference
equations used in the model's numerical simulations are also given.
Throughout the documentation the emphasis is on the specific details
of the model in its present form, rather than on the derivation or
Justification of its present design.

To facilitate the use of this model, a complete listing of the
code as written in FORTRAN language is given, together with a de-
scription of all constants and parameters used. A complete dictio-
nary of FORTRAN variables, a dictionary of principal physical fea-
tures, and a complete list of symbols are presented. To illustrate
the model's performance, samples of its solutions for selected vari-

ables at a specific time are also given.
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I. INTRODUCTION

One of the more widely known numerical models of the global at-
mospheric general circulation is that develobed by Professors Mintz
and Arakawa at the Department of Meteorology, UCLA. First formulated
in the early 1960s, this model has undergone a series of modifications
and improvements, ard has been used in a number of simulations of the
global climate and in tests of atmospheric predictability. Although
it addresses the primary dynamical and thermal variables at only two
tropospheric levels, the model is relatively sophisticated in its
treatment of the physics of large-scale atmospheric motion, and the
method of numerical solution is relatively complex.

It is the purpose of this Report to describe the model from a
user's viewpoint, in order to facilitate its actual use in a program
of climatic simulation. Although some description of the model's ba-
sic equations is necessary, it is not our present purpose to present
their derivation nor to discuss the justification of the model's many
physical parameterizations and numerical procedures. Instead, we have
attempted to set forth several aspects of the model: its physical ba-
sis, 1ts numerical formulation and solution, its computer code, and
its typical results. These aspects are related to one another by the
provision of a dictionary of selected terms and a list of physical and
FORTRAN symbols. The description of the model's physics, given in
Chapter II, is intended to present the basic differential equations
and physical constants; the corresponding difference equations and
other numerical approximations used in the program are presented in
Chapter III. This is followed by a summary of the program's operating
characteristics in Chapter IV, together with some typical results for
selected variables, and by Chapter V, which presents a physics dic-
tionary giving a brief summary of the treatment of certain variables
and effects. As a supplement to the preceding chapters, a comprehen-
sive list of symbols is given in Chapter VI. Finally, the model's
integration and output map-routine codes as written in FORTRAN are
presented in exrtengo in Chapter VII, followed by a FORTRAN dictionary
in Chapter VIII, whose purpose is to permit ready interpretation of
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specific portions of the pregram. It is hoped that this documentation
will answer the question, "Just how are the circulation simulations
nade?"

A previous description of the model (in oie of its earlier ver-
sions) was given by Mintz (1965. 1968), and has been supplemented by
Arakawa (1970). Further details of the treatment of convection and
radiation were given by Arakawa, Katayama, and Mintz (1969). An ex-
tended description of the basic rodel and the computational procedures
used was prepared by Langlois and Kwok (1969). This latter puclica-~
tion has been of pariicular use in the preparation of the present doc-
umentation, although the present version of the model differs slightly
from the version described by them. In one form or another the Mintz-
Arakawa two-level model was applied to the estimation of atmospheric
predictability by Charney (1966) and Jastrow and Halem (1970), and was
applied to the simulation of the circulation of the Martian atmosphere
by Leovy and Mintz (1969). The present version of the model is being
used in a program of experimentati~n on the dynamics of climate at Rand,

and will form the basis of future model changes and extensions.



I1. MODEL DESCRIPTION -- PHYSICS

In this chapter the physical and dynamical basis of the Mintz-
Arakawa two-level gereral circulation model is presented, together with
a summary of the basic differential e~uations and boundary conditions.
Particular attention has been given to the preparation of a summary of
the various physical approximations in the model's treatment of rudia-

tion, moisture, and convection.

A. NOTATION AND VERTICAL LAYERING

In the first instance the present model is for the troposphere
onlyr, and divides the atmosphere beneath an assumed isobaric tropopause
into two layers, as sketched in Fig. 2.1. At the center of each layer
are the reference levels (1 and 3) at which the basic variables of the
model are carried. At the interface between the layers (level 2), as
well as at the trosopause and earth's surface, certain additional vari-
ables and conditions are specified. For convenience, the atmosphere
is divided in the vertical according to mass (or pressure), and the

dimensionless vertical coordinate, o, i3 introduced

P -Pp
Py ~ Pp

o = (201)

where p is the pressure, Py the (constant) tropopause pressure, and P,
the (variable) pressure at the earth's surface. The levela 1, 2, and
3 are defined as those for o = 1/4, 1/2, and 3/4, respectively, with
the tropopause corresponding to 0 = 0 and the surface always given by
o= 1. Thus, 1if the surface pressure is approximately 1000 mb and
the tropopause is assumed to be at 200 mb, the levele 1 and 3 corre-
spond approximately to the 400-mb and 800-ab levels, respectively,
Although a comprehensive 1ist of symbols appears later in this
report (see Chapter VI), it is convenient to introduce the more com-
mon variables at this point. Anticipating the use of spherical coor-

dinates, the independent variables are:
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Fig. 2.1 -- Schematic representation of the model's

vertical structure.



? « latitude, positive northward from the equator

A = longitude, positive eastward from Greenwich

0 = disensionless vertical coordinate, 0 < 0 < 1, increasing
downward

t = time

The primary dependent (prognostic) variables are:

Va (u,v), horizontal vector velocity
T = temperature
B e P, T Pp surface pressure parameter

q = mixing ratio
The other dependent (diagnostic) variables are:

¢ = geopotential
a = gpecific volume

p @ pressure

G = %%. sigma vertical-velocity measure

The forcing terms are:
Fe horizontal vector frictional force per unit mass
He diabatic heating rate per unit mass
6 © rate of moisture addition per unit mass

The basic physical constants are:

= 200 8in @, Coriolis parameter

= earth's rotation rate

b D m

= earth's radius

x$
[ ]

vertical unit vector

c = specific heat (for dry air) at constant pressure

R = specific gas constant (for dry air)
8 = acceleration of gravity



B. DIFFERENTIAL EQUATIONS

The vector equation of horizontal mution (in o coordinates) may

be written

9 > - 9 -, <> >
i (r0) + (v « 2NV + 3= (V8) + £k x oV

+ V¢ + onaVn = oF (2.2)
where
Y.
1 A )
vVeka % e (P[3T+ 2% (A¢ cos ¢) (2.3)

for a vector & = (A,, Aq)'

The thermodynamic energy equation (in o coordinates) is written

-a— g . a— hY
= (wcp‘l’) + v (nepﬁ) + = (’ncp’l’é

- na(021-+ oV « On + wé) - (2.4)

ot

The mass continuity equation is

an * 9 .
SE-+ Ve (nV) + 35 (ng) = 0 (2.5)

The moisture continuity equation is

% (nq) + ¥ « (nq¥) + -g-c- (nqd) = Q (2.6)

The equations (2.2) and (2.4) to (2.6) are the prognostic equations
for the dependent variables V. T, n, and q. The specification of the
frictional force (f). the heating rate (ﬁ). and the moisture-addition
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rate (6). or. the right-hand sides of these equations 1is considered in
subsequent sections. Supplementing these equations are the diagnostic

equation of state,
a = RT/p (2.7)

and the hydrostatic equation,
24raeo0 (2.8)

These complete the dynamical system in o cuordinates, with ¢ itself
g8iven by 0 = (p - pT)/n, where Pr is a constant (tropopause) pressure,

C. _BOUNDARY CONDITIONS

Accompanying the dynamical system, Eqs. (2.2) to (2.8), are physi-
cal boundary conditions at only the earth's surface and the tropopause,
as there are no lateral boundaries in the o system for the global at-
mosphere. At the earth's surface we require zero (air) mass flux nor-
mal to the earth's surface and either a zero heat flux or a specified
surface tempersture, depending upon the surface character. Thus, we

write at the earth's surface:

ag=0

¢ = @a(x.ﬁb at g = ] over land (2.8a)
F" = 0

d=0

¢ =0 at o = 1 over ocean (2.8b)



P

Here oa(x,qo denotes the fixed distribution of the geopotential of
the earth's land (or ice) surface, P“ is the vertical heat flux at
the surface, and Ts(k,qb the fixed distribution of the sea-surface
temperature.

At the assumed isobari: tropopause p » Py ve require the free-
surface condition dp/dt = 0, or

0 =0, at 0 = 0 (2.8¢)

Although they are not strictly boundary conditions, we may regard
the specification of the surface drag coefficient which contributes to
the horizontal frictional force, f, in Eq. (2.2) as fixing the ver-
tical momentum transfer at the surface, and similarly regard the spec-
ification of the surface evaporation (minus the surface precipitation
and runoff) as determining the moisture available for the source 6 in
Eq. (2.6). The determination of these transfers in terms of the model
i1s described below. We might also regard the solar radiation at the
top of the atmospheric model at 0 = 0 as a boundary condition. Here
this flux is assumed to be given by the solar constant, modified as
described below by the eccentricity of the earth's orbit and by the

zenith angle of the sun.

D. VERTICALLY DIFFERENCED EQUATIONS

1. Vector Form

As an introduction to the presentation of the complete differ-
ence equations (including the horizontal and time finite-difference
forms), the model's dynamical equations are here first stated in terms
of the variables at specific model levels (which statement constitutes
the vertical differencing in ¢ coordinates), and then given in terms
of the horizontal (rectangular) map coordinates actually used in the
computations. The dependent variables are computed at the several

levels as shown below:



Table 2.1

DISPOSITION OF THE DEPENDENT VARIABLES

Level g & ¢ P T v q
o c0o 000 o o [ N ) pT [ N ) LN I ] LN N ]
1 -
1 3 noc 01 P, T1 Vl 0
1 n
2 LI B B I ) E 02 [ N ] pz LN Y ) LN N ] o e 0
3 -
3----- - ce e
4 by Py Ty Y 9
b ..., 1 0 D00 Py + 01 .. H. Lo
(surface)

We note that the mixing ratio, q, is carried only at level 3, and that
the surface pressure is computed by means of . At the midlevel 2,
only the o vertical velocity 62 is independently computed, although it
is sometime " useful to regard the wind and temperature at level 2 in
terms of values interpolated between levels 1 and 3.

The equation of horizontal motion, Eq. (2.2), is now written for

levels 1 and 3 (with corresponding subscripts) as

=5 > g >
v +v3) + nfk x v1

3 -»> - N
73 (nVl) + (Vv nvl)v1 + mé, 1

+ nV¢1 + clnu1Vn - n?l (2.9)
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-

3 > -»> 3 o - >
3t (V) + (v - V)V, - "o, (Vy + V) + nfk x

<<}

+ TYV¢3 + ogna:’Vﬂ - ﬂ?a (2.10)

where vertical finite differences between g = 0 and o

1/2 and between
0=1/2 and ¢ = ] have been taken, and the conditions ¢ : 0 at g = 0,1
and 3é - 1/2(\‘1 + 33) used,

The thermal energy equation (2.4) may be similarly written for
levels 1 and 3 as

«
p
) P 1 .
1 (nTl) + v (nrliil) +<p°> ﬂoz(el + 93)

na,0 ™H
11 3n_ = 1
- c, Ge*t Ve E;- (2.11)

[
P
2 3\ .
57 ("T3) + © (nrav:,) - <Po> m3y(0) + 6,)
nTa,0 ﬂ}.i
373 om L w .3
- =L (a: + V3 vn) —-—-cp (2.12)

where the condition 92 - 1/2(61 + 03) has been used with the potential
temperature, 6, given by

0= T(polp)K

with p = 1000 mb, a reference pPressure, and x = R/c =« (.286.
o P

Manipulation of the mass continuity equation (2.5) applied at lev-
els 1 and 3 with the conditions & = 0 at ¢ = 0,1 leads to the relations

LIPS U > »]



=1l=

6y = - {'—ﬂ- v . [n(w‘rl " 33)] (2.14)

for the prediction of the surface pressure and the computation of the
midtropospheric vertical motion field.

The moisture continuity equation (2.6) is applied only at the
(lower) level 3, giving

i;—t- (rgy) + 7 - [ﬂqa(% v, - % Vl)] = 2g(E - C) (2.15)

where the conditions = 0 at 0 = 1 and q = 0 at 0 = 1/2 have been
used, and the wind at level 3 (o = 3/4) is replaced by a wind at ¢ =
7/8 found by linear extrapolation from vl and Va. The moisture source
term, 2g(E - C), represents the net rate of vapor addition as a result
of the evaporation rate, E, and condensation rate, C, into the air col-
umn of unit cross section between o = 1 and 0 = 1/2,

The hydrostatic equation (2.8) is integrated from the surface to
the levels 1 and 3, yielding the relations

[ L4 [ 4
1 Py P a
ol °lo + 7¢ 02 <p°> - <p°) ] + 7 (0303 + olul) (2.16)
1 3 1 n
o3 °l. -3 c:‘)e2 <p°> <po> '+ 2 (0303 + olul) (2.17)

vwhere @a is the (fixed) geopotential of the earth's surface, and where
8 has been assumed linear in p‘ space from o, = 1/4 to the ground

cw ],

2. Rectangular (Map) Coordinates

As a final transformation prior to the consideration of the dif-
ference equations used in the computations, it is convenient to pre-
sent the verticaélly differenced equations (2.9) to (2.17) in terms of
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the rectangular (or map) coordinates x and y. The grid-scale dis-
tances m and n, defined as

m= all cos ¢ (2.18)
n = a)® (2.19)
represent the longitudinal and latitudinal distances between grid

points separated by A% and A®, respectively. The dimensionless map
coordinates x and y may then be defined as

X = mnlak cos ¢ (2.20)

y = n lag (2.21)

so that a rectangular grid-point array is generated with unit dis-
tance between points. The reciprocals m-l and n-l are the conven-
tional map-scale or magnification factors.

We also introduce the new area-veighted variables

T = mnn (2.22)

S = Znnﬂéz (2.23)
dm

Femnf -u dy (2.24)

and the weighted mass fluxes

u = any (2.25)

v = mnry (2.26)

a{ both levels 1 and 3.
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Upon multiplication by mn, the equations of motion, Egqs. (2.9)
and (2.10), may thus be written:

u, +u
9 (V )+§(_L_._3.)

5;-(ru ) + — ax (u u ) + - 3 3
3
+n (; axl + clwal'%—) Fﬂvl - HFT (2.27)
a 3 % (V1 * "3)
T3 (nv ) + — (u ) + %y (vlvl) + S( 3
3¢
1 an oo
+m (w 5;—-+ o may 3y)l+ Fnu1 nFl (2.28)
+ u
2 3k L o 3)
3t (Tug) + 35 (ugug) + 52 (vauy) s( )
¢
+n (w 3;2 + O4ma, g ) Fﬂv3 - HF; (2.29)
vV, + v
PR Y 3
(nv ) + — ax (u ) + 3y (v3v3) S(-——TF—-)
303
+mirn ay + LI )~+ Fﬂu3 - an (2.30)

where the frictional force ¥ = (Fx, Fy) at levels 1 or 3.
The thermodynamic equations (2.11) and (2.12) may be similarly

written as

V.
3 P1\ /% * &),
= arp + x(ulT y(vlr)+<o><—-2—-— §

oya * nH
1 1 (Tr an , ram, o 311)_ o § (2.31)
P P

1% 3; c
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K
P 8, + 6
3 1 3) .
(HT ) + — Y (u ) + — 8 (v T3) -<p°> < 5 > S
0.0 )
373 oll * 57 * 3y 3
" el (” 3t T Y33z * V3 ay) N

(2.32)

The mass and moisture continuity equations (2.13) to (2.15) may

also now be written as

13 a

Tk 3 [ (u +u ) + — (v +v )]

. 1[5 * * 3 * *

S = 5-[3; (u3 -u) + 3y (v3 - vl)]

2 3 5 % 1 %

ar (M99 + 33 [qa(Z Y3737 “1)]
3 CRNE SN ) S
3y [q3(4 BT "1)] w (E-0O

Equations (2.27) to (2.35), together with (2.16) and (2.17),
stitute the final dynamical statement of the model in vertically
differenced form. The introduction of time and horizontal spatial
finite differences 1s considered in the following sections.

E. FRICTION TERMS

The frictional terms fl and f3 in the equations of horizontal
motion (2.9) and (2.10) are given by relations of the form

-
F () . _u<"1 - "3)3&
1 3z 2 Z; Z3/ "
: 2
f3--?1 pl‘V(,V | +¢6) =&

(2.33)

(2.34)

(2.35)

con-

(2.36)

(2.37)
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where 1 18 an empirical coefficient for the vertical shear stress, and
the factor 2g/m represents the mass per unit area in each of the two
model layers. Here z, - z, is the height difference between the lev-

1
els 1 and 3, CD is the surface drag coefficient, Ch the surface air

density, Va a measure of the surface wind (= 0,7 64’ with 64 an ex-
trapolated wind at level 4), and G an empirical correction for gusti-
ness,

The frictional force fl thus represents the internal downward
transfer of momentum between the levels due to the vertical shear of
the horizontal wind, whereas the force f3 also includes the effects

of surface skin friction.

F. MOISTURE, CONVECTION, AND CLOUDS

The purpose of this section is to describe the physics of the
hydrologic cycle used in the model and to develop the expressions used
to evaluate the moisture-source term, 2 %3 (E - C), on the right-hand
side of the moisture-balance equation for the atmosphere [Eq. (2.35)].
The moisture source for the atmosphere is evaporation from the surface,
E, and the moisture sink is precipitation, C. All the moisture con-
densed in the model atmosphere is assumed to fall to the surface as
precipitation. Thus the moisture sink for the atmosphere, C, 18 spec-
ified by large-scale, convective, and surface condensat’on. The vari-
ables specifying the amount of moisture in the atmosphere and in the
ground are q3, the lower-level mixing ratio, and GW, the ground-wet-
ness parameter. While q, i1s determined in part by horizontal advec-
tion and is thus modified every time step, GW, E, C, and that part of
the change of 95 due to E and C are computed every fifth time step
(see Chapter I11, Section A).

Clearly, the amount of evaporation, condensation, and convection
depend on the thermal state of the atmosphere, which is in turn a
function of the exchange of heat taking place during these processes.
Instead of obtaining a simultaneous solution for the moisture and
thermal states of the atmosphere, the model evaluates the evaporation

and the components of the condensation in a sequence. At each step
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of the sequence the thermal state of the atmosphere is modified, and
the new values of temperature are used in the next step.

In the following subsections each process is discussed in the
sequence in which it 1s evaluated in the FORTRAN program. First, the
temperature lapse rate between o = 3/4 and 0= 1/4 is adjusted to the
dry-adiabatic lapse rate 1f it is found to be dry-adiabatically un-
stable; this convective adjustrent is discussed in Subsection F.1.
Second, 1f the air is supersaturated at o = 3/4, large-scale conden-
sation occurs and the temperature and mixing ratios at g = 3/4 are
adjusted (see Subsection F.2). Third, the temperature lapse rates be-
tween levels and the humidity are tested to determine the existence
of moist convective instability. If there is instability, convec:ive
condensation occurs and the temperatures and mixing ratios are ad-

Justed according to the three types of convection permitted:

(a) Middle-level convection, which occurs 1if the layer between
o= 3/4 and 0 = 1/4 1is unstable (for moist convection).

(b) Penet ating convection, which occurs if the layer from ¢ =
3/4 to 0 = 1/4 1s stable but the layer from the surface to
0 = 3/4 1s unstable and, in the mean, unstable from the sur-
face to 0 = 1/4,

(c) Low-level convection, which occurs 1f the atmosphere is un-

stable onlv between the surface and o= 3/4,

To determine the existence of convection types (b) and (c), one needs
the temperature and mixing ratios at the top of the surface boundary
layer. All three forms of convective condensation and the physics of
the boundary layer are discussed in Subsection F.3. Fourth, the quan-
tities needed to evaluate the evaporation from the surface are dis-
cussed in Subsection F.4, and the moisture balance at the surface and
in the atmosphere 1s discussed in Subsection F.5.

The final two subsections are devoted to parameters which are re-
lated to the moisture content of the atmosphere and are used in the
radiation balance calculation in Section G. In Subsection F.6, the
cloud types and clo'id amounts produced by the various forms of conden~
sation are discussed, and in Subsection F.7, equations for the effec-

tive water-vapor content of the atmosphere are derived,
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l. Convective Adjustment

If, 38 a result of the changes due to advection, the atmosphere
1s found ¢o be dry-adiabatically unstable (e1 < 8,) at the beginning
of the heating and moisture~balance calculations, then a "convective
adjuscmeni” is made. This consists of setting both 61 and 63 equal to
an average 6, which is calculated from

3_?[1(r+ g)]‘-l
s il
assuming that

Thus, the convective adjustment consists of setting

9 & o T 4T,

S 1L T T W) (2.38)
[ 4 « [ 4 ® + pt

po PO PO Pl 3

from which the temperatures are accordingly recalculated as

8

l «

Ty ==
P

(o]
(2.39)
)
3 «x
Ty = = p,
PO

After this convective adjustment, the model pProceeds as usual to the
moisture and convection calculations.

2. Large-Scale Condensat ion

Large-scale condensation occurs if the lower-level grid cell s
Supersaturated at the beginning of the moisture-balance calculation.
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The saturation mixing ratio is given by

M, e.(T)
q,(T) = EP—-C.“(T) (2.40)

where Mw and Md are the mean molecular weights of water vapor and dry
air, respectively (Hw/Hd = 0.622), and where the saturation vapor pres-
sure is given by the equation

e.(T) - e exp(Ae - Be/T) (2.41)

with e = 1 mb, Ae = 21.656, and Bc = 5418 deg K,

If it is then determined that 9, > qs(TJ) a8 a result of the com-
puted solution of the moisture continuity equation (2.35), large-scale
condensation is allowed to occur. This condensation will remove mois-
ture from the atmosphere and will also warm the atmosphere by releas-
ing latent heat, with the warming in turn modifying the saturation mix~
ing ratio qs(T3). The condensation proceeds untfl 9y = qs(T) at the
new (warmed) temperature. If the original temperszure and mixing ratio
at level 3 are written as To and 9, the new temperature T satisfies

ep(T = T) = Llg, - q_()] (2.42)

In view of the dependence of 9 on T, as given by Eqs. (2.40) and (2.41),

we seek the approximate value of 1 when

L
F(D) =7 - 1 +(§)[qam -q =0 (2.43)

Using the Newton-Raphson method, the first-order approximation of T

becomes

F(T_)
v B,
T tn F'ITn! (2.44)



where
F(T) =-L0q -q )] (2.45)
(o] CPO 8 O
and
F'T) =3 1yags o (r)-B—‘ 1+f’-"- (T ) (2.46)
o dT ‘o cp %' T2 M" %' '
[0}

Substituting Eqs. (2.45) and (2.46) into (2.44) and neglecting
(Md/M")q’(To) in comparison with 1, the change in temperature at
level 3 as a result of large-scale condens\t‘on becomes

L
c_ (qo - q’(To)]

(4T =T - T, = £ 5 (2.47)
LS L e
e %) 3
p To

The change in moisture content due to this large-scale condensation
is found from

c
- iB (T,) (2.48)

(8q,)
LS LS

and the new q, is given by

9, * q, - (4q.,) (2.49)
3 30 3 LS

Since the amount of precipitatior is assumed to be equal to the con-~

densation, the large-scale precipitation rate becomes

PLS - (ﬂ/2gow)(Aq3)Ls (2.50)



where (n/2g)/ow 1s a conversion factor used to obtain the precipitation
rate from the condensation rate (see Chapter IV, Large-Scale Precipita-
tion Rate: Map 9). Finally, the large-scale condensation produces
type-2 clouds (see Subsection F.6).

3. Convective Condensation

To determine the possibility of convection, suitable stability
criteria must first be defined. The equivalent potential temperature,

defined as
s Lg i
op = 8, oxp(c,r) (2.51)
p
where
K
(72=)
ed =T 5 =5 {(2.52)

is conservative in both unsaturated-adiabatic and saturated-adiabatic
processes. A more convenient paramcter for our purposes is given by

the approximation

cT
EL de; =~ dh (2.53)
e
Here
hs= cpT + g2 + Lq (2.54)

shall be referred to as the static energy; it is the sum of the en-
thalpy, the potential energy, and the lstent energy of a parcel of

air. The static energy is very nearly conservative in both unsatu-
rated and saturated adiabatic processes, and thus can be used in the

analysis of convective phenomena. For example, following the argument
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of Arakawa et al. (1969), if we assume that the air in the clouds at
level 1 is saturated, then the ststic energy in the cloud at level 1

becomes

hc = cpTc1 + 8z, + Lq.(Tcl) (2.55)

where q (T _,) is the saturation mixing ratio at the cloud temperature
s cl

Tcl' Fer convenience we define the quantity

*
h1 z cpT1 + 8z, + Lq'(TI) (2.56)

where T1 is the temperature of the air surrounding the clouds at lev-
el 1. Eliminating 8z, from Eqs. (2.55) and (2.56), the temperaty :2

difference between the clouds and the surrounding air at level 1 becomes

T . -T = (2.57)

where

'L(Mﬁ wi g W) (2.58)
1

vy E =5 =~
1 cp T cp Tc1 T1
*

1
in the clouds at level 1 is warmer than that in the surroundings, and

Thus it can be seen from Eq. (2.57) that when hc > h, the temperature
any convection that has been initiated will tend to continue.

We now seek to determine the value of hc in terms of the Mintz-
Arakava two-level model's parameters. To do this wve assume that all
the entrainment takes place at level 3, and thus the vertical mass

flux (M) through the cloud above level 3 becomes

M= an (2.59)

-
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vhere Mb is the vertical mass flux through the bottom of the cloud

and n is the entrainment factor. Wher. there is entrainment, n > 1, and
the static energy in the cloud is a mixture of the static energy enter-
ing the base of the cloud, hb' and that of the surrounding air, h 3
Thus we hava

1
hc h3 3 n (hb

- h.) (2.60)
What 1s assumed for the amount of entrainment will therefore determine
the value of hC in Eq. (2.57) and thus the existence of stability in
the model.

In the following subsections, the value of n for each type of
convection will be discussed and the stability criteria derived. The
criteria will then be used to determine the temperature and moisture

changes resulting from the convection.

a. Middle-Level Convection. In middle-level convection we as-

sume that the entrainment at level 3 is much larger than the mass flux
through the bottom of the cloud. Mathematically, it can be represented
by setting i, 0 while leaving an finite. Thus from Eq. (2.60) we
have hc = h3, and from Eq. (2.57) the condition f:r middle-level con-
vection becomes h3 > hl' The parameters h3 and hl’ rewritten in terms
of the potential temperatures and mixing ratios at levels 1 and 3,

are

[ ] W ©
-h—l--u :! +(0-6)2 +5‘- (T.) (2.61)
e 3 1 I \p c. 45\ ]
P o o P
[ 4
h p
c—3- 93<—“-> +%—q3 (2.62)
p Po P
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where
p \§
8 B
03 (P°> R T3 + cn 23 (2.63)
and
K
(6, - 8.) 32 - (T + £, ) - (T + £, ) (2.64)
1 37\ p, 1 <, 1 3 N 3 ’

To determine the temperature change at levels 1 and 3 due to this

convection, we introduce the concept of "dry" static energy, S, where

§ = cpT + gz (2.65)

Considering convection only, the continuity equation for S at level 1
is

apS1 . a(ansl)
dz

e (2.66)
which may be approximated by
op aS1
g ot nMb(scl B SZ) (2.67)

Neglecting the time change of the geopotential and using Eq. (2.57) we
may write Eq. (2.67) as

T
1 1
—--—&—% T

®
3t cpAp n Y (h3 - hl) + (S1 - SZ) (2.68)
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With similar approximations, the temperature change at level 3 is given
by

Ti.e ™
at Ap cp

(s S

2 3) (2.69)

Equations for the mixing ratios at levels 1 and 3 can be derived
in a similar fashion. However, in the model all the moisture is as-

sumed to be carried at level 3, and thus the change of q3 due to con-
vection becomes

aq
» Sk [
at Ap ng[q.(Tcl) q3]

Y
oy - 1 1 e
ap Mp{94(T)) - 4y + 77— v 1 (hy = h))) (2.70)

Here, Eq. (2.57) has been used to eliminate qs(Tcl)'

To eliminate the unknown mass flux in Eqs. (2.68) to (2.70), we
relate ng to the relaxation time, Ter of free cumulus convection. As
a8 result of convection, the instability of the layer diminishes and
h3 -+ h;. The time rate of change of (h3 - h;) is given by

) LA - 3qg(Ty) 3T,
s L el CE S at 3T, ot

3
3 (h

2 +y1 " 1
- Ty, (=) + 7 A+y6 =51 @2

If the instability diminishes exponentially with e-folding time Ter then

o2 (2.72)
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When Eq. (2.72) ie combined with (2.68) and (2.69), the change
in temperature at levels 1 and 3 [over the time interval (54t) between
heating calculations) due to the Trelease of latent heat is g'lven by

*
n hg = by Sat (2.73)
o™ cp(z + Yl) T

(Arl)

(4T,) (1 + v,)LR/2
1 oM 1

- - . (2.74)
™ (h3 = hl)/cp + (1+ YI)LR/Z

(8T,)

-2 - - | BN S
where Y, " (L/cp) 5418deg qs(Tl)Tl and LR (01 03,(p2/p°) is a
“nominal lapse rate." In this model, the relaxation time, T.» 1s taken
to be 1 hour. From Eqs. (2.70) and (2.73) the change in moisture at
level 3 {s given by

C
(8q,) =B laT) + (AT.) } (2.75)
3 oM L [ r, 3 oM

™

As in Eq. (2.50), the precipitation rate duye to middle-level convection
is given by

P = (n/2gp )(4q.) (2.76)
™ w 3 CM

Type-1 clouds may be produced by this middle-level convection (see Sub-
section F.6), and the associated convective precipitation rate is {1lus-
trated in Map 13, Chapter 1V,

b. Boundary-Layer Temperature and Moisture. 1If middle-level

convection does not occur, either "penetrating convection" or "low-
level convection" may. Since both of these convection types originate
at the air/ground interface, it is convenient to discuss first the
computation of the moisture, qb. and air temperature, TL' at the sur-
face along with other air/ground interaction parameters. A thin
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boundary layer is assumed at the air/ground interface, with the sub-
script "4" referring to values at the top of the boundary layer and
the subscript "g" referrin; to values at the bottom of the layer, just
above the ground or water jurface.

We assume that the flix of static energy [see Eq. (2.54)) from
the surface into the bottom of the boundary layer is equal to the flux
out the top. We neglect horizontal convergence in this thin boundary
layer and also assume negligible geopotential difference between {ts
top and bottom. Thus the flux of static energy from the surface may
be approximated by
(2.77)

I = °4Cn“(hg £ h4)

vhere

We |V |"+6 (2.78)

is a surface-wind parameter corrected for gustiness and CD is the drag
coefficient. Implied in Eq. (2.77) are the assumptions that the eddy-
diffusion coefficient for th: static energy can be approximated by

that for momentum, and that a constant transfer coefficient may be used
in the boundary layer. Equating (2.77) to the flux through the top of
the boundary layer, we obtain

hé = h3

Z3

pl‘CDW(h8 = hé) - péAv (2.79)

where Av is the vertical eddy-diffusion coefficient. Solving Eq. (2.79)
for ha we obtain

hé = (EDR)h3 + (1 - EDR)h8 (2.80)
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vhere h3 is given by Eq. (2.62), h8 is given by

h
£ . L
i T8 + . q8 (2.81)
p p
and
A‘_/z3
EDR = —— (2.82)
Av7z3 + CDW

2 -1

n
In the present version of the model it is assumed that A = 1]681 m sgec ,

v
v'.are the surface wind Vs is inm sec-l.

In order to obtain the surface moisture, 9 and temperature, Té’ we

now write the parameter hé from Eq. (2.54) as

h
4 L
P P

By defining the values of q8 and 9,4+ One may solve Eqs. (2.80) and (2.83)
for 74 in terms of the surface parameters T8 and GW and the static energy
at level 3. 1In general the grourd temperature, Ts, and the ground wet-
ness, GW (0 < GW < 1), are available from the previous time step, along
with the level-3 temperature and moisture. From these data, the relative

humidities at levels 3 and 4 may be determined from

RH, = (2.84)
3 q ET3)

and

(2Gw) (RH3)

RS T (2.85)
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where RHA i3 the harmonic mean of RH3, the relative humidity at level 3,
and the ground wetness, GW. The ground-level mixing ratio is assumed

to be directly proportional to the ground wetness. Hence

- 2.
q8 GW qs(Tg) (2.86)

where q&(Tg) is calculated from T8 in the usual fashion [see Eq. (2.40)1],

0.622 e_(T )
qs(Tg) = EZ_:"E;?T;§_ (2.87)

and the ground-level saturation vapor pressure is given by

es(Tg) - min[eo exp(Ae - Be/Tg)’ p4/16.62] (2.88)

The mixing ratio at level 4 can now be obtained from Eq. (2.85) and an
extrapolation of qs(Tg) to level 4. Thus

[ dq_(T ) . ]
. o gl ar
q, = R, 1a (T) + 8z —g7—— @
°p '
= RHA qs(Tg) + 7 yg(Tl‘ - Tg) (2.89)
where Yg is evaluated from
dq_(T ) q (T)
Y = .L_ __—.g._s = -L— 5& 18deg —-———E—S (2 .90)
g ¢ dT c 2
P P Tg

Using Eqs. (2.83), (2.89), and (2.80), the temperature at level 4

becomes finally
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~

(
2 _m | g ry - v .
cP 4 cp 8 g ge Pu
1+ RH IR St I
< AYg Py
T[‘ = ’ (2091)
Py
‘;‘3 i otherwise
pﬂ

~

where h4 1s the value of the static energy at level 4 as given by

Eq. (2.80). The condition on T4 given by Eq. (2.91) is invoked to pre-
vent a super-adiabatic lapse rate between levels 4 and 3. From the
quantities T4 and q, given by Eqs. (2.89) and (2.91) the convection
parameter h4 defined by Eq. (2.83) may then be evaluated, although the
quantities T4 and q, will be redefined later if penetrating or low-level

convection occurs [see Eqs. (2.96) and (2.97) below].

c. Penetrating and L' - -Level Convection. In the model, both pene-

trating convection and low-level convection are mutually exclusive with
middle-level convection. Thus, the first criterion to be met is that
*

second criterion, similar to Eq. (2.57) for middle-level convection, is

the layer between level 3 and level 1 be stable, i.e., that h

obtained from instability conditions for the layer between levels 4 and
3. Thus we first write

T -7 = (2.92)

where TC3 1s the temperature of the rising air in the clouds at level 3,

dq_(T.) q_(T;)
L s 3 3
Y3 "ol Tar T o d418deg k-
P P Ty

and

h* <
p
3 s L
T 93( _.> + q (T,J_, (2.94)
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For penetrating and low-level convection we assume that there is no

entrainment at level 3 (n = 1), and from Eq. (2.60) we then find hc =
hb'
to be equal to its value at the top of the boundary layer, h

Further, we take the static energy at the base of the cloud, hb’
4 There-
fore the second criterion for penetrating and low-level convection be-
comes h4 > h;. along with the primary criterion h3 < h;. When thesge
two conditions are met, we may then discriminate between penatrating
and low-lsvel convection. From Eq. (2.57) with hc - h4 we see that

if h4 2 hl' convection can penetrate into the stable layer above lev-
el 3 and reach all the way to level 1. This is therefore the distin-
guishing condition for penetrating convection. If, on the other hand,
h4 < h;, the convection stops at level 3. This is therefore the con-
dition for low-level convection.

In tge case of low-level convection, it is assumed that ha is modi-
fied to h3. because of the process of transporting static energy out of
the boundary layer. This is equivalent to assuming that static energy
in the cloud becomes h;. Low-level convection may produce type-3 clouds
(see Subsection F.6), and condensation and precipitation are not allowed
to occur; all the moisture transported as clouds is assumed to evaporate
again within the same layer with no release of latent heat. The effect
of this type of convection is thus felt only in the vertical traneport
of sensible heat and in surface evaporation, where it alters the sur-
face moisture and temperature.

Indicating by primes the values prior to modification by low-level

convection, we may write

) (2.95)

- ' - ' -
h4 h& (h4 h
Substituting the definitions of ha and hz into Eq. (2.95) and using
Eq. (2.89) for the old and new mixing ratios at level 4, the surface

temperature and mixing ratios are given, after convection, as

*®
(hz - h3)/c
. R M °)
T, =T T+ Ry (2.96)
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T
9 - %(h,: £ -cﬁ) (2.97)

The temperature and mixing-ratio adjustments at level & given by
Eqs. (2.96) and (2.97) also occur in the case of penetrating convec-
tion. To find the change in the temperature and mixing ratios at lev-
ela 3 and 1 in this case we continue to assume modification of h to
h3, and follow the same procedure used in nlddle ~-level convection.
Thus, as in Eqs, (2.68) and (2.69) and using h3 as the static energy
in the cloud, we obtain

oT S, -S

Ll By 1 r_ i 2 N
ot c Ap Mb 1+y ‘h3 hl) + c (2.98)
P 1 P
and
oT S, - 8§
e O Y e St |
ot Ap Mb c (2.99)

To determine the value of the mass flux, Mb we assume, as in the case of
middle-level convection, that the penetrating convection decays with a
relaxation time T Here Mb is determined by the time required to re-
move the instability in the layer fron level 4 to level 3, {. e., the

time required for h& to approach h With this assumption, the mass

3’
flux becomes

Wi - hy

"=

(2.100)

"H:'l_'

L]

Tr h} = hl
i WA T P AR CR R IICAEE

Using Eqs. (2.98), (2.99), and (2.100), the temperature changes at the

levels 1 and 3 due to penetrating convection over the time interval 5at

are given by
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h, - h
1) -2 -2 7, f“ (2.101)
CP r
h, - nt
(o1 =2 - 3 1, 34t (2.102)
CP € Tr
vhere
* *
h. - h
3 "M LR
Tl mﬁ- 5 (2.103)
P i
LR 4
‘zna Tt 4y, if t 2 0.001
T = (2.105)

l0.00l 5 otherwise

and Ts is the convection relaxation time as before. As with the middle-
level convection, all the moisture condensed (and hence precipitated) is
assumed to originate in the lower layer, so that the level-3 moisture
change due to penetrating convection is given by

C
(bq,) =-R (1)) |+ (a1 (2.106)

cp P cp

Type-1 clouds may be produced by this convection (see Subsection F.6), and
the precipitation rate due to penetrating convection is given by

PCP = (w/Zgov)(AqJ)cp (2.107)
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This contributes to the total convective precipitation rate iliustrated
in Map 13, Chapter 1V,

4., Evaporation

The evaporation rate per unit area from the surface is approxi-
mated by an equation similar to (2.77) for the flux of static energy

from the surface. Thus

E = 0,Cp¥(a, - q,) (2.108)

where L p'(R'l‘(.)-1 with R the gas constant, Pg» the surface (level-4)
pressure, and Tb and q, are given by Eqs. (2.96) and (2.97) if pene-
trating or low-level convection exists, and otherwise by Eqs. (2.91)

and (2.89). The ground-level value of the mixing ratio is given by

qg = CWa (T ) (2.109)

where qse(Tgr) is the effective saturation mixing ratio at the bottom
of the boundary layer after a correction to include the effects of the
radiation balance at the surface on the ground-level temperature (see
Subsection G.3). Thus

8
= oy (T) + —FE- (T, - T (2.110)

where Tgr is the new value of T8 calculated to include the radiation.
The evaporation thus calculated can be either positive or nega-
tive, and is available as a separate output from the program (see Map
14, Chapter 1V). The moisture at level 3 will be changed in direct pre-
portion to this evaporation. Thus, over the time interval 54t, the
contribution by evaporation to the total moisture balance at level 3

(see following subsection) is given by

(Aqg) -« 28, E « 54t (2.111)
g "
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5. Moisture Balance and Ground Water

Moisture balance is maintained both in the form of moisture at
level 3 and as the ground water on the land. The ocean, ice, and snow
are considered both as infinite sources (for evaporation) and infinite
sinks (for precipitation, negative evaporation, and runoff), Although
the upper-level moisture is calculated as a function of lower-level
moisture for radiation purposes, the total amount at the upper level
is otherwise considered to be negligible, as is any transport between
the upper and lower layers of the model.

The level=-3 moisture balance is calculated from

*= (AQJ) (2.112)

(43) ) (qa)old TOTAL

new

where (4q.) is the sum of the level-3 moisture changes due to

5 TOTAL
middle-level convection, CM, or penetrating convection, CP, large-

scale condensation, LS, and evaporation, E. Thus the expression for

the moisture-source term of Eq. (2.35) becomes

I

2mng(E - C) = — (Aq.)
S8t 3 roTAL
i
= e | (09y) - (8q)) - (8q,) - (&q.) (2.113)
SAt 3y I L Y cp

The ground water is carried as the variable GW, which varies be-
tween 0 for dry ground and 1 for saturated ground. For ocean, ice, or
snow, GW is always considered to be 1. This quantity is used in the de-
termination of ground temperature and evaporation, and is recalculated
(for land) after the level-3 moisture balance hus been determined. If

(AqJ) 1s negative (a decrease in level-3 moisture), enough pre-
TOTAL
cipitation occurs for runoff to be calculated. If the ground is not

saturated (GW < 1) then the runoff is taken as 0.5 GW; if the ground is
saturated, the runoff is taken as unity. The new ground wetness 1is

then given by
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1
(Gw)new - (GW)old + Q1 - runoff)(Aq3)T G g (2.114)

OTAL

where GWM is the maximum mass of water per unit area which the ground
can absorb (here assumed to be 30 g/caz). and the factor n/2g is the
air mas¢ in a vertical column of unit area in the lower model layer.

If (Aq3) is not negative, because evaporation is greater than pre-
TOTAL
cipitaticn; the runoff is zero and Eq. (2.114) represents the net de-

crease of moisture at the ground. 1If (Gw)new < 0 then (Gw)new is set
to zero, and 1if (cw)new > 1 it 1is set to 1.

6. Clouds

The type of clouds present in the model depends upon which con-
densation and/or convection processes have occurred. The amount of

cloud cover depends upon the relative humidity at level 3, RH_, for

convective clouds, whereas a complete overcast is assumed fochloudn
caused by large-scale condensation. Figure 2.2 shows the assumed physi-
cal dimensions of the various cloud types. Although the clouds are only
parameterized entities as far as the moisture is concerned, they must
have physical dimensions for the radiation calculations. In the pres-
ent version of the program, type-1 clouds cannot coexist with other
types in any given grid cell; types 2 and 3 may coexist.

Type-1 clouds may be described as towering cumulus, having their
bases at level 3 and their tops at level 1. They exist if either
middle-level or penetrating convection occurs. The amount of cloud
cover (given as the fraction of the sky covered with clouds) is de-
fined by CL = -1.3 + 2.6 RH3. If CL < 0 the sky is defined to be clear.
This convection therefore does not create clouds unless the relative
humidity at level 3 is greater than 50 percent. If CL > 1 it is reset
to 1, implying a completely cloudy sky.

Type-2 clouds may be described as a heavy overcast with base at
level 3 and top at level 2. They exist if large-scale condensation
takes place (as described in Subsection F.2 above), and if type-1 clouds

do not exist (since strong convection would destroy these clouds).



-36-

Fig.

2.2 -- Schematic representation of convective cloud types.
Type-1 cloud represents either penetrating or middle-
level convection and is assumed to extend from level
O3 to o;, type-2 cloud represents large-scale conden-
sation and is assumed to extend from level 0y to gy,
and type-3 cloud represents low-level cumulus convec-
tion and is assumed to be confined to level 05 itself.



When type-2 clouds are present they always form a completely overcast
sky -- {.e., CL = 1 or 0.

Type-3 clouds may be described as shallow cumulus with bases and
tops both at level 3. They exist if there is low-level convection
but no penetrating convection. The cloud amount is again defined as
CL=-1.3+ 2,6 RH3, with CL reset to 1 1f CL > 1 and with CL < 0 mean-
ing a clear sky. This cloud type could possibly coexist with type 2,
but 1f so 1t would not affect the radiation, since cloud type 2 is a

complete overcast in the same region.

7. Effective Water-Vapor Content

To determine the effect of the moisture on radiation we must esti-
mate the entire vertical profile of q from the single value 9, The
9, value used here is a revised one, including the effects of large-
scale condensation, but not including changes due to convective con-
densation or evaporation. If q, < 10-5 it is set equal to 10-5. Above
120 mb the vapor pressure is assumed to be constant with height, with
the value 0.3316 dynes/cm2 corresponding to the frost-point tempera-
ture 190 deg K, as suggested by Murgatroyd (1960). Thus

s P <120 mb (2.115)

p

q = 0.622 (
cgs

0.3316) o 2206255

pcgs

where pcgs is pressure in cgs units (dynes/cmz). Below 120 mb 1t is

assumed that

L - vy P>120 mb (2.116)
Ay \My

where K is evaluated by matching q from Eqs. (2.115) and (2.116) at
the 120-mb level

(r (q,/1.7188 x 107°)
K(pyq,) = —p 57T %) (2.117)
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The effective water-vapor amount per unit area in a vertical column
below a given level, n, with a pressure-broadening correction term in-
cluded, is defined to be

* _ £ p 1 P4 py
u = / p(po)q dz 8/ (po)q ar (2.118)
2 P

Combined with the values of q defined above, this becomes, for level n,

2 24K 24K
oGP (P n 2.119)
“n ngZZ + K) ';; - ;; 1

and for the entire atmospheric column, inclvding the stratosphere, the

effective water-vapor content becomes

2. (p.)? o N/ 2+
* ; X
o =33 | 4) (€120 mb) +2.526 x 1070 (2.120)
© gp (2+K) [\p P
o 3 3
where the additive term is the effective vapor amount above 120 mb, and
vhere q, 1s set equal to 107> 1f 1e 1s < 10™>, The effective vapor

content of clouds is described i.. the following section.

G. RADIATION AND HEAT BALANCE

In this section the heat budget of the earth/atmosphere system is
discussed and the expressions which are used to evaluate the diabatic-
heating terms in the thermodynamic equations, (2.31) and (2.32), are
developed, together with those expressions used to determine the sur-
face temperature over land and over ice-covered oceans.

In addition to being partly determined by the release of latent
heat during convection (see Subsection F.3), the net heating rate at
level 1 (0 = 1/4) is also determined by the amount of solar radiation

absorbed by, and the long-wave radiation emitted from, the layer c = 0
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to 0 = 1/2. The heating rate at level 3 (o = 3/4) is determined by
the flux of sensible heat from the surface and the release of latent
heat in large-scale condensation (Subsection F.2), in addition to the
absorbed and emitted radiation and the convective latent heating in
the layer o = 1/2 to 0 = 1. The treatment of the short-wave {solar)
radiation and the long-wave (terrestrial) radiation used in the model
follows the discussion of Arakawa, Katayama, and Mintz (1969). The
so-called short-wave radiation includes all the solar radiation, re-
gardless of wavelength, and the parameterization for the attenuation
of this radiation by Rayleigh scattering, for its reflection from the
earth's surface and from clouds, and for its absorption in the atmo-
sphere and in clouds 1is given in Subsection G.1l. The treament of the
flux of long-wave radiation, which includes all that which is emitted by
the atmosphere, clouds, and the earth's surface, is given in Subsection
G.2.

The ground temperature, Tgr' needed to evaluate the evaporation,
the sensible heat flux from the surface, and the net long-wave surface
radiation i{s determined from the heat balance at the earth's surface
in Subsection G.3, and in Subsection G.4 a discussion of the heat bal-
ance in the atmosphere and the expressions for the temperature change

due to diabatic heating are given.

1. Short-Wave Radiation

The incoming solar radiation is immediately divided into two parts,
that of wavelength A < 0.9u, which is assumed to be subject to Rayleigh
scattering only, and that of wavelength ) > 0.9u, which, in a clear at-
mosphere, is assumed to be subject to absorption only. The actual wave-
length does not again enter into the model's treatment of radiation.

The two parts of the radiation are designated S: {part subject to scat-
tering) and Sg (part subject to atmospheric absorption), and are approx-

imated as

6% =« 0.651 § cos (2.121)
(o] (o]

s « 0.349 S cos ¢ (2.122)
(o] (o]
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where S° is the solar constant (adjusted for the earth/sun distance),
and ; is the zenith angle of the sun. The rationale for this parti-
tioning is described by Joseph (1966). A summary of the disposition
of these components of the short-wave radiation for both clear and
cloudy skies is given in Figs. 2.3 and 2.4, and is described in detail
in the following paragraphs.

a. Albedo. The albedo of the clear atmosphere for the portion
of the radiation assumed subject to (Rayleigh) scattering is given by

a, = min {1, 0.085 - 0.247 log,,[(p /p,) cos ]} (2.123)

as deduced by Katayama using the estimate of Joseph (1966).+ For an
overcast atmosphere, the albedo for the scattered part of the radia-
tion 1s composed of the contributions of Rayleigh scattering (by atmo-
spheric molecules) and of Mie scattering (by cloud drops). The sim-
plest useful formulation adopted by Katayama is

a =1-(1- ao)(l nr ) (2.124)

ac i

where a, is the cloud albedo (for both S: and S:), which is assumed to

be giveniby
acl = 0.7 for cloud type 1
acz = 0.6 for cloud type 2 (2.125)
°c3 = 0.6 for cloud type 3

The various cloud types are discussed in Subsection F.6 below.

*In the program, the expression ps/p° in Eq. (2.128) was inadver-
tently coded as (ps - p.r)(p° - pT)-l; see instruction 10450 in COMP 3
in the listing of Chapter VII. This error, which is not thought to be

serious, was brought to our attention by A. Katayama.
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Fig. 2.3 -- Short-wave radiation in a clear atmosphere. The

solid arrows indicate the path of radiative flux,
while the dashed lines indicate a region of the
atmosphere in which interaction occurs or in which
a diffuse path is followed. The absorbed radiation
Al = S$ - Sg and A3 = Sg - S?, according to (2.136).
The program (FORTRAN) symbols are given in paren-

theses following certain of the physical symbols.
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Fig. 2.4 -- Short-wave radiation in an overcast atmosphere,
illustrated for cloud type 1. The absorbed radia-

. .\ A A .
tion Al = bT - 82 - Slac according to (2.141), and
A A 4

Ay =5, -5,

according to (2.136). See also Fig. 2.3.
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The ground albedo ag (again for both Sg and Sg) is taken as

a = 0,07 for ocean

= 0.14 for land

0.45{1 + (CLAT - 10)%/[(cLAT - 3002 + (cLar - 10)2]} (2.126)"

for south-polar ice and snow

0.40{1 + (CLAT - 5)%/[(CLAT - 45)2 + (CLAT - 5)2]}

for north-polar ice and snow

These values for land, ice, and snow were developed by Katayama (1969)
as approximations to the data of Posey and Clapp (1964). In the ex-
pressions for polar ice and snow, CLAT 1s the number of degrees pole-
ward from the assumed northern or southern snowline (as appropriate)
given by the functions SNGWN and SN@WS. The expression for north-polar
ice and snow applies also for ice at latitudes between the two snow
lines, with CLAT = 0,

b. The Radiation Subject to Scattering (Sg). The part of the

solar radiation which is assumed to be scattered does not interact with
the atmosphere, except to be partly scattered back to space. Thus the
only part with which we are concerned is that amount which reaches, and

1s absorbed by, the earth's surface. This is given by the expressions

S: = S:(l - ug)(l - uo)/(l - aoag)

for clear sky
Ss" = Ss(l ~a)l-a )/(Q-a « ) o
g o g ac ac g

for overcast sky

Multiple reflections between sky and ground or between cloud base and

*
These expressions are coded incorrectly 1in the program; see in-
structions 23720 and 23760, Chapter VII.
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ground are accounted for by the terms in the denominators (see Joseph,
1966). For partly cloudy conditions (neither clear nor overcast) the
scattered radiation absorbed at the earth's surface is

s ”

s s'
S =CLS <+ (1 - CL)S 2.128
" g ( ) p ( )

where CL 1is the fractional cloudiness of the sky (see Subsection F.6).
The absorption of this radiation by the ground affects the ground tem-
perature, and subsequently affents the long-wave emission from the

ground and the ground-level heat balance (see Figs. 2.3 and 2.4).

c. The Radiation Subject to Absorption (52). The solar radia-
tion subject to absorption is distributed as heat to the various layers
in the atmosphere and to the earth's surface. The absorption is as-
sumed to depend only upon the effective water-vapor content (u*) in a
layer -- a quantity calculated from the model as previously outlined
(see Subsection F.7). The absorptivity of a layer is given by the

empirical formula

a”,0) = 0.271(u" sec ¢)0+302 (2.129)

Here the (dimensionless) coefficient 0.271 has been found by increasing
the (dimensional) coefficient 0.172 ly min-1 of the Mlugge-MSller ab-
sorption formula by 10 percent, as suggested by Manabe and MSller (1961),
and then dividing by the total radiative flux subject to absorption,
which is given by 0.3&95o = 0.692 ly min-1 according to Eq. (2.122).
For clear sky the flux of So transmitted to a level n is given by
A

s, = SA1L - aql - W3y (2.130)

and the flux absorbed in a layer between an upper level, i, and a lower

level, j, is given by

] L
AN B s: - s? (2.131)



For a cloudy sky the absorption in a cloud is calculated by assuming
an equivalent water-vapor content which will absorb the same amount of
radiation as would the cloud itself. These amounts are assumed in the
present version of the model to be

* 2
u, - 65.3 g/em for cloud type 1
1
* 2
u, = 65.3 g/cm for cloud type 2 (2.132)
2
) 2
u, = 7.6 g/cm for cloud type 3
k)

The incoming beam becomes diffuse in the cloud, and its path is assumed
to be 1.66 times the vertical thickness of the cloud. Below the cloud
the beam is st1ll diffuse, and the factor 1.66 for path length is re-
tained. Therefore we have the following expressions for the downward
flux at various levels

A" - A * * ]

S1 So[l - A(uu - ui'C) (2.133)
above the cloud at level §

Ap "

A" A ‘ » ® m *

Sm So(l - uc) '1 - A [(“. uCT)sec ¢+ 1.66 X;: uc]‘ (2.134)
inside a cloud® at level m

A" A * * * * « 11

Sj = So(l - ac) {1 - A [(uuD - uCT)sec g+ 1.66(uc + Ucp uJ)]‘
below a cloud at level }J (2.135)

The fraction Apm/Apc, which is equal to 1/2 when m = 2 and type~-l

clouds are present, has been inadvertently omitted from the model's
present FORTRAN program,



k=

where subscripts CT and CB rafer to tha cloud top and cloud bottom,
respectively, Ap is rotal pressura thickness of the cloud, and Ap
is the pressure thickneoo of the cloud above level m. The factor
(1 - uc) accounts for raflection from the cloud top.

The flux aboo:hed in a layar in a cloudy sky will, in genaral,

be A - SA - Sg » in a fashion similar to Eq. (2.131) for clear sky.

X
2
If there is a cloud top anywhere within a layer, however, the flux ab-
sorbed by that layer will not be Just the flux difference at the lev-
els above and below the layer, since there will ba a flux reflected
from the cloud top and therefore lost. Thus, for the layer between

levels 1 and j, the absorbed radiation is given by

- A" - A" _ A"
Am S1 SJ SCT a, (2.136)
2

where the last term is the flux reflected from the cloud top. When the
sky is partly cloudy, the total flux at level 1 is given by a weighted

average of the clear and overcast fluxes:

” [}
s: - CL s: + Q- CL)S: (2.137)

That part of the flux subject to absorption which is actually absorbed
by the ground is given by

A' . A
for clear sky, and by
(1 -a )52 A"
B} (2.139)

l-aa B
cg 8
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for completely cloudy (overcast) sky, where the factor 1/(1 - aa )
again accounts for multiple reflections between the ground and cloud
base. For partly cloudy skies, the radiation absorbed by the ground

is the sum

A A" Al
S =CLS + (1-cCL)S 2.140
. e ¥ ) ¢ ( )

The total solar radiation absorbed by the ground will be the sum of
that part of the solar radiation subject to (atmospheric) absorption
that is absorbed instead by the ground and that part subject to scat-
tering (atmospheric) that is absorbed by the ground. Thus, from Eqs.
(2.128) and (2.140), we have

A s
S =87 4+ 5§ 0
. 2 : (2.14))

2. Long-Wave Radiation

The calculation of the long-wave radiation, like that of the short-
wave radiation, is based on an empirical transmission function depending
primarily upon the amount of water vapor. The net upward long-wave

radiation at a level 1 can be expressed as the sum of three terms

R1 - RA + RB + C1 (2.142)

where RA 1s the radiative flux downward from the atmosphere above the
level 1, and RB 13 the flux from below. The term C was intended to
be a correction term accounting for a possible 1arge temperature dif-
ference between the level-4 air temperature, Ta, and the ground sur-~
face temperature, Tg' However, in the early stages of evolution of
the Mintz-Arakawa program the two temperatures were assumed to be
equal, and both were designated in the program with the same symbol.
At the time the program was modified to calculate the two separately,
a programming error was made whereby the terms were not changed con-

sistently. In several statements the ground temperature, Tg' is used
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in place of the air temperature TA’ and in the ground temperature cor-
rection term, Ci, the values of ground temperatures before and after
the heating cycle (Tg, Tgr) are used in place of T4 and Tgr'

In this Report we have described what the program actually does,
rather than what was intended. Those equations in which T8 was used
in place of Tb are indicated throughout Subsections G.2 and G.3 by the
symbol «. In future work, the program will be corrected and the effects
of this error will be investigated.

The term C1 in Eq. (2.142) is thus now apparently a "correction"
involving the change in the ground temperature during the heating time
interval. This term depends upon all the various heat-exchange mecha-
nisms in the program, including the other “erms involving long-wave
radiation. Therefore RA + RB 1s calculated first and the C1 term is
left until later (see Subsection G.3). A schematic overview of the
long-wave radiation balance is given in Fig. 2.5.

The fluxes at level i are given by the expressions

R, = cri‘ T, (2.143)
Rg = (GT: = oT:)?B (2.144)«

where o is here the Stefan-Bolizman constant, and the empirical trans-

mission functions are given by

* *
" T(u°° - ui) (2.145)

®
1+ T(ui)
s * T3

(2.146)

with

5 / *0.416)
t(u) =1 (1 + 1.75u (2.147)
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as found by Katayama for the Callendar water-vapor transmission func-
tion. Here u* is the effective vapor content defined in Subsection F.7,
For a clear sky, if we define Ri = RA + RB’ we have at the three levels
c=0({1=0), 0=1/2 ({ =2), and 0 = 1 {1 = 4), where radiation 1is

determined by:

*
1+ 1(u,)
4, k  * 4 4 0
Ul " - . m Tl 5
Ro oTo'r(u°° uo) + (ng oTO) 5 (2.148)
*
4 * * 4 a L= r(uz)
' . . - g . 5
RZ oTzr(uw u2) + (ng oTz) 5 (2.149)
L %
R! = oT 7 (2.150)«
4 g(u‘”)

Here the primes indicate a clear sky. To account for the abrorption
by C02, which is not included in the above expressions, the model in-
corporates a number of empirical modifications [due to Katayama (1969))
of the long-wave fluxes. We thus redefine the clear-sky fluxes given

above as

[ - '
Ro 0.820R0 (2.151)
' . ' 2.
R2 0.736R2 (2.152)
*
RA = oT: l0.6 t(u ) - 0.1] (2.153)«

which are the clear-sky expressions used in the program. The expression
for RA 1s similar to Brunt's formula.

Clouds are treated as opaque black bodies, and the cloud cover may
consist of any of the model's three cloud types. Including empirical

corrections, one uses the following expressions for the radiation in
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completely overcast skies. For cloud type 1 (top at level 1, bottom
at level 3)

*

®
14+ t(u, - u,)
ik b, * b _ b 0" %1 ,
Ro O.BZO[OTOr(u“ - uo) + (oT1 oTo) > {2.154)
Ry = 0 (2.155)
R = 0.85(oT” - or“)[1 + 3t(u*)l 4 (2.156)«
4 . g 3 3

where the double primes indicate an overcast sky and RI g RA + RB' For

cloud type 2 (top of cloud at level 2, bottom at level 3),

* *
1+ tv(u, - u,)
" oo 4 *_* 6_ 4 0 2
Ro O.BZOIUTOT(uw uo) + (oT2 oTo) 3 (2.157)
*
R! = [0.7360T%1(u" - u)]/2" (2.158)
2 2 " 2
Rz = game as for cloud 1 [Eq. (2.156)]
For cloud type 3 (top and bottom at level 3):
1+ o * *)
o 4, * _ * 4 4 Tl ~ Yy I
Ro 0.820 [oTor(um uo) + (cT3 OTO) 3 (2.159)
* *
14 1(u, - u,)
R2 0.736 [oTzr(uw u2) + (oT3 °T2) 5 (2.160)

Rz = same as for cloud type 1 [Eq. (2.156)])

TThis R; is divided by 2 because the cloud top is assumed to be an

irregular surface lying half-above, half-below level 2,
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If we now define ii as the net upward long-wave radiation for partly
cloudy skies prior to the ground-temperature correction, Ri and RI
combine to give

Ri = (1 - CL)R; + (CL)RI (2.161)

where CL is the fractional cloudiness (see Subsection F.6).

Finally, after the ground temperature has been determined using
ii and the calculated short-wave radiation (among other quantitiec, as
described in Subsection G.3 below), the long-wave radiation is calculated
in its complete form Ri by applying the correction (C) given at level 4

by
3
C, = 4oT(T__-T 2.162)«
PR 8( - 8) ( )

where 60'1‘:('1'8r - Tg) is an approximation to o('r:r - T:). The complete
long-wave flux at level 4 is thus given, according to Eq. (2.96), by

o 3
= = - '+ g - -
R& R4 + C4 (1 CL)R6 (CL)R6 60'1'8('1'8r Tg) (2.163)

At levels 2 and O the complete long-wave flux is similarly given by

~ ~ *
R2 = R2 + C2 = R2 + 0.8(1 - CL)Car(uz) (2.164)

~ ~ ®
Ry = RO +Cy ™ Ry + 0.8(1 - CL)Cér(uo) (2.165)

where R is glven by Eq. (2.161) and C4 by (2.162), and where the coef-
ficient 0.8 is the correction factor for CO2 absorption. These are the
long-wave radiation fluxes calculated in tie program as the net trans-

fers at the levels 4, 2, and 0, and are used in the preparation of the



long-wave radiative budgets for the layers 0 to 2 and 2 to 4 as well as
for the surface (level-4) radiation budget in the output programs (see

Chapter IV)., The various components of these long-wave fluxes are sum-
marized in Fig. 2.6.

3. Heat Balance at the Ground

The ground temperaturze, Tgr' as corrected for surface radiation
and as used to find the ewvaporation, is itself obtained from the heat
balance at the ground. The treatment of the heating of the ground de-
pends first of all upon the character of the ground or underlying
surface.

If the surface is ice-free ocean, it is considered to be an in-
finite heat reservoir whose surface temperatur:, Ts, is a specified
function of position and does not change during the heating time
interval (5At). The new ground temperature, Tgt' is set equal to the
old Tg'

Where the surface is bare land, snow-covered land, or ice-covered
land, the ground is considered to be a perfect insulator with zero
heat capacity. For these types of ground, the total flux of heat
across the air/ground interface must be zero, according to

R, +T +H_ - Sg =) (2.166)

4 E

where Ra is the long-wave radiation emitted from the surface, I' is the
sensible heat flux from the surface, HE is the flux of latent heat due
to evaporation from the surface, and SS is the solar radiation absorbed
by the ground.

For ice-covered ocean, the surface heat balance is modified to in-
clude conduction of heat through the ice, E, in which case Eq. (2.166)

is changed to read

R6 +T + HE - S8 = B w B(To - Tgr) (2.167)«
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where To equals the freezing point of seawater (273.1 deg K). Equa-
tion (2.167) is applicable to the land, snow- and ice-covered land
surfaces too, if we define B = 0 for these locations; for sea ice the
conduction coefficient B 1s equal to 1.44 ly day - deg-l, found from an
assumed thermal conductivity of 0.005 ly cm sec-1 deg-1 and an ice
thickness of 300 ecm. Note that, except for the solar radiation, these
heating terms depend upon the as-yet-undetermined new value of the
ground temperature, Tgr’ as well as upon the old value, Tg, upon the
temperature of the air, TA’ or upon the freezing point of sea water,
To.

The heating terms are given by

- & b

RA RA + c(Tgr Tg) (2.168)«
where R is the long-wave radiation without the ground-temperature cor-
rection as given by Eq. (2.161) and 0(’1‘:r - T:) is the ''correction"

term. (See, however, Subsection G.2.) The sensible (turbulent) heat
flux, I', 1s given by

= CF(Tgr - T4) (2.169)
where

Cr = pdcpCDw (2.170)

where W is the surface wind speed, as corrected for gustiness in Eq.

(2.78). The latent heat flux is given by

. dq_(T ) '
Hp = LE = C| c—plc;w qs(Tg) + ———B—d,r (Tgr - Tg) - qa‘ (2.171)
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where Eqs. (2,108) and (2.109) have been used to evaluate the evaporation.
Substituting Eqs. (2.168), (2.169), and (2. 171) for R4’
and H into the heat-balance equation, (2.167), and approximating

o(Tgr - Tg) by 40T (T -T ), we can solve for the unknown ground tem-

perature Tgr' Thus we have

L dq (To) ~ 4
Cr Ty + o, + oS g 9 (T + 8, = R, + 4ot + BT

P

T =

gr dq_(T )
|1+ 5 & o + 40T + B
r c dT g

(2.172)

Having found Tgr’ we can complete the calculation of the individual
radiation and heating terms R4 (and RZ’ Ro as in Subsection G.2), I' and
HE from Eqs. (2.167) to (2.171), and the surface evaporation, E, from Eq.
(2,108). The equations are applicable to an ocean surface as well as to
land, ice, and snow: for oceans, Tgr = Tg’ some of the terms will be
zero, and there will be no correction terms for the long-wave radiation;
for ice and snow, if the calculated value of Tg is greater than To
(= 273.1 deg K) it is set equal to T,

4. Heat Budget of the Atmosphere

The heat balance is maintained at the ground through the calcu-
lated ground temperature (see previous section), and at the levels 3
and 1 by means of the diabatic heating terms on the right-hand sides
of Eqs. (2.31) and (2.32). After the temperature changes due to con-
vective adjustment (see Subsection F.1), no further change is made
until the end of all the radiation- and moisture-balance calculations,
Then the change in temperature over the interval 5At at levels 3 and

1 is given by

H3 = SAtH3

- (A3 + R4 - R2 + F)(Zg/ncp)SAt + (AT3)CM + (AT3)CP + (AT3)Ls (2.173)
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Hl = 5AtH1

= (A1 + R2 - Ro)(2g/ncp)5At + (ATl)CM + (ATl)CP (2.174)

Here Al and A3 are the net absorption of solar radiation at the levels

1 and 3 (see Subsection G.1), R4 - R2 and R2 - Ro are the long-wave ra-
diation absorbed in the layers 4-2 and 2-0 (see Subsections G.2 and G.3),
and T is the sensible heat flux (see Subsection G.3). The (AT) terms
are the latent heat released during large-scale condensation (LS) [Eq.
(2.47)], middle-level convection (CM) [Eqs. (2.73) and (2.74)], and
penetrating convection (CP) [Egs. (2.101) and (2.102)) (see Subsec~

tions F.2 and F.3), The factor 5At is the time interval between heat-
ing calculations, and together with the factor 2g/1rcp converts the heat-
ing rate to the layers' temperature change.

There is some smoothing of the heating as given by Eqs. (2.173) and
(2.174) in both the vertical and horizontal directions before the tem-
peratures T1 and T3 are redefined at the end of the time interval. The
average heating, H = 1/2(H1 + H3), is first weighted according to the
area of the grid cell surrounding the n point, and is then subjected to
a 9-point areal smoothing with the central heating value weighted by 1/4,
the four values to the north, south, east, and west each weighted by 1/8,
and the four values to the northeast, northwest, southeast, and gouthwest
each weighted by 1/16. If we denote the result of this smoothing opera-
tion on H by EA, the final temperatures, after correction for diabatic

heating at levels 1 and 3, are determined from

H H

Tl'Ti+2—-2—+ﬁ (2.175)

H H
&= [] 3 - 1 _‘A
T3 T3 + 7 ~3 +H (2.176)

where Ti and Té are the temperatures at levels 1 ind 3 before the cor-

rection for diabatic heating.
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Preceding page blank

III. MODEL DESCRIPTION -- NUMERICS

Equations (2.27) to (2.33) and Eq. (2.35) form a set of eight
prognostic equations for the eight dependent variables (ul, Ves Uy
Vs Tl' T3, n, and q3). The time-extrapolation method and the hori-
zontal finite-difference schemes used to solve these equations were
developed by Professor Arakawa at UCLA and are discussed in the fol-
lowing sections. For convenience, Eqs. (2.27) to (2.33) and Eq. (2.35)
have been restated in Tables 3.1 to 3.4 and Table 3.6, where the sub-
sections describing the numerical treatment of each ferm are indicated,
along with the location in the FORTRAN program where each term is eval-
uated. The diagnostic equation for the vertical velocity [Eq. (2.34)]
1s given a similar treatment in Table 3.5. In the present chapter,
particular attention has been given to the preparation of a systematic
statement of the przcise finite-difference approximations actually used
in the programmed numerical solution of the model. The smoothing pro-
cedures, provisions for global mass conservation, and the various pa-

rameters and constants used in the model are alsa summua.ized here.

A. TIME FINITE DIFFERENCES

1. The General Scheme of Time Extrapolation

From the equations in Tables 3.1 to 3.4 and Table 3.6, we can ob-

tain expressions for the tendencies of the dependent variables (y = u

1’
Vis .«.) at the point 1j in the general form
[a(n )] =D + 8§ (3.1)
at ¥ v
1)
while the Pressure-tendency equation is written in the form
[%’tl] =D (3.2)
1)
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The expression S represents the friction terms in the momentum equa-

v
tions, the diabatic heating term in the energy equation, or the mois-
ture source term in the moisture equation. These terms will be re-

ferred to collectively as the 'source terms.' All the other terms are

included in the expression D Both D  and Sw are complicated finite-

difference expressinns 1nv0131ng the i:dcpendent variables and the de-
pendent variables at 1j and neighboring points.

In the time-extrapolation method used in this model, the source
terms are evaluated every fifth time step. The remaining terms (Dw)
are evaluated each time step by means of a sequence of uncentered and
centered horizontal differences. Thus, the time extrapolation pro-
ceeds in a repeated sequence of five individual time steps of At each.
The first four time steps consist of two substages each, and the fifth
time step consists of three substages. The first substage, which is
identical in all five time steps, provides a preliminary estimate of
the dependent variables for time T + n by evaluating Dw using values
of the dependent variables at time T + (n - 1). The second substage
obtains a final estimate of the dependent variables using the prelim-
inary estimates to evaluatn Dw with the horizontal-difference scheme
appropriate to the positicn in the five-step sequence. The special
third substage in the fifth time step consists of evaluating the source
terms using values of the dependent variables obtained from the second
substage. An outline of this procedure is shown in Fig. 3.1, and each

substage of the time step is described below.

2. Preliminary Estimate of the Dependent Variables (All Time Steps)

The preliminary estimate (identified in the FORTRAN code by the
flag MRCH=1) is obtained using a forward time step and evaluating Dw
by a centered horizontal difference. However, the horizontal and ver-
tical advection terms and the Coriolis force term of Dw are advanced
only a half time step, while the remaining terms are advanced a full
time step (At). Thus, from Eq. (3.1) for the momentum, energy, and

moisture equations we have, upon omitting the source terms,
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N 1+l T At T T
(n‘l‘)ij = (n‘l‘)ij + Z_Aw(." » u 1 ] "')ij
T T
+ AtRw(w , U, ...)ij (3.3)

where Aw represerts the advection terms in DW’ RW = Dw - AW represents

the remaining terms of D , the superscript T refers to values at time

v
T, and the caret is used to indicate the preliminary estimate of a

quantity. Similarly, the pressure-tendency equation (3.2) becomes

T

1)

T

Myt = ], + a0 (7, (3.4)

5 ...)ij

The first estimate of the dependent variables y is therefore given
by Eqs. (3.3) and (3.4) as

I
- (3.5)
i) Ar+l
nij

which serves to remove the N weighting of the variables. As noted pre-
viously, this procedure i1s used as a preliminary estimate in each time

step of the numerical integration.

3. Final Estimate of the Dependent Variables (Time Steps 1 to 4)

Using the preliminary estimates given above, the final estimates
of the dependent variables at the nth time step of the sequence n = 1,

2, 3, 4 become

@i = a3 sam @, 4, Ly, (3.6)
™ _ . 1+(n-1) A A
nij qij + AtDW(n' u, ...)ij 3.7)

from which we calculate
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+n
Bt (3.8)
Yy T '
13

When n = 1 an up-right uncentered horizontal space difference is used
(identified by the flag MRCH=3); whén n = 2, a down-left uncentered
horizontal space difference 1s used (identified by the flag MRCH=4),
and when n = 3 or 4, a centered horizontal space difference is used
(identified by the flag MRCH=2). The case for n = 5 is considered
below.

4. Final Estimate of the Dependent Variables (Time Step 5)

The first two substages of the fifth time step (n = 5) are per-
formed as described above by Eqs. (3.6) to (3.8). If we represent
the variables at the end of the second substage of the fifth time step
by a tilde, ( ), the final estimates become

+5
S (; . uT+5 A
™5 _ oy TS : v ’ 11
nij

The final estimate at every fifth time step thus incroduces the source
terms (as evaluated in subroutines COMP 3 and COMP 4), and weights them
for the full 5At time interval. Because the continuity (or pressure-
tendency) equation (3.2) 1is source free, the value of Hijs is given
directly by the final estimate [Eq. (3.7)) forn = -,

Upon the completion of this time step, the sequence of five steps
begins again. The flow of this time-integration procedure is controlled
by subroutine STEP (steps 1850 to 2280). The horizontal finite-difference
expressions used in the determination of the terms Sw, DW' and R  are

]
given below,
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B. HORIZONTAL FINITE DIFFERENCES

1. The Horizontal Finite-Difference Grid

The earth's surface is represented in the numerical calculations
by a rectangular grid of points extending from pole to pole, an arbi-
trary point of which is designated 1j and identified by (J,I) in the
cod:e.Jr The 180th meridian is represented by the set of points (1,]3),
the longitude 175W by the points (2,j), ete., the South Pole by (1,1),
and the North Pole by (i,J); the equator is not a member of this grid,
but corresponds to the value j = 23!%. This set of primary grid points
can be regarded 2s the centers cI cne network of rectangular cells
outlined by dashed lines in Fig. (3.2). The velocity variables u and
v are carried at the corners of the cells (designated by + in the fig-
ure), the west/east mass flux u* at the midpoints of the vertical
sides (designated >), and the south/north mass flux v* at the midpoint
of the horizontal sides (designated A). All other quantities are car-
ried at the midpoint of the cells (designated o). The values of u
and v at the lower right-hand corner of the cell (i,]) are denofed by
the value of u* on the right-hand side of the cell by u:j,
In the re-

u,, and v
1] 1y’ * *

and the value of v on the lower side of the cell by vij'

mainder of the text, the points o, +, >, and A will be referred to as

"n points," "u,v points, u* points," and "v* points," respectively.
It may be noted that the poles are ''m points," while the points at the
equator are "u,v points.'

The grid-point separation factors m and n represent the geograph-
ical distance between grid points, and are defined by Eqs. (2.18) and
(2.19). The factors m,n and the area (mn) of the cells surrounding
the n points are computed in subroutine MAGFAC (steps 14360 to 14850),

where the following quantities are defined:

+For purposes of computational efficiency, the notation (J,I),
14sting the y-index J first, is used in the FORTRAN code in lieu of
the more conventional (I,J) notation. When reproducing specific
FORTRAN statements this (J,1) notation, where J = 1, 2, ..., JM and
I=1,2, ..., IM, will be used. Elsewhere, the notation (1,j), where
i=1,2, ..., Tand =1, 2, ..., J, will be used.
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Fig. 3.2 -- The horizontal finite-difference grid with zonal index i
and meridional index j. Here the open circles (o) repre-
sent grid points of the primary or n grid at which v, T,
q, and ¢ are carried, while the plus (+) signs represent
points at which u and v are carried (the u,v grid). The
carets (A and >) denote points of supplementary grids at
which the northward and eastward mass fluxes v* and u*
are determined.
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LAT()) = @, = 49() - 224 1s9<3 (3.10)

DXP(j) = aAX cos qa l1<3s3J (3.11)

DXU(§) = aA) % (cos ¢J + cos ¢3_1) (3.12)
=% [DXP(J) + DXP(J-1)] l<jc<y

DYU(J) 8(¢3 - %,_q) =22 (3.13)

3-1

DYU(1) = DYU(2)

1
DYP(J) = a 3 (<pj+1 - <pj_1) (3.14)
- % [DYU(§+1) + DYU(])] 2<4<3
DYP(1) = DYU(2)
DYP(J) = DYU(J)
DXYP(§) = DYP(§) -[—I’-xﬂfj%-—-u)—] 2<453 (3.15)

1

DXYP(1) = 35 DXU(2) %

DXYP(J) = %

pxu(sy 2200

These quantities are illustrated in Figs. 3.3 to 3.5. From Fig.
3.2 we see that 7 and u* are carried at the same latitudes, whereas u, v,
v* are carried at intermediate latitudes. Thus, the factors m,n cen-
tered at 7 or u* points are given by DXP and DYP, whereas those centered
at u, v, or v* points are given by DXU and DYU. In this scheme the
pressure (n) is thus given at the poles but not at the equator, whereas

the velocity (u,v) is given at the equator but not at the poles.
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Fig. 3.3 -- The map metric n, the meridional distance between
grid points. At latitude ¢j, n = DYP is the north/
south distance between points of the u,v grid (and
between points of the v* grid), while n = DYU gives
the corresponding distance between points of the
T grid (and between points of the u* grid).
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Fig. 3.4 -- The map metric m, the zonal distance between grid
points. At latitude @;, m = DXP is the east /west
distance between points of the 7 grid (and between
points of the u* grid), while m = DXU gives the
corresponding distance between points of the
u,v grid (and between points of the v* grid).



L=

41

(B}

Fig. 3.5 -- The area mn =

.

\ o

~ Hh ;' !#f’

xU(2)

o

DXYP (1) '-\/r
4
o
|

i

(c)

DXYP surrounding a point of the n grid (a).

At the north and south poles (j=J and j=1) this area is

identified as the shaded regions shown in (b) and (c),

respectively.
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2. Finite-Difference Notation

The [J,I] indexing used in the FORTRAN code is identical for each
o£ the fou: grid networks described above. That is, T Yyr and vy
uJI’ and vJ all have the same index, (J,I), but each of these i1s car-
ried and computed at ¢ifferent points in the horizontal finite ~difference
grid. It is convenien* » therefore, to define m—, u,v-, u -, and v*-
centered notations to be used in formulating the finite-difference ex-
pPressions. These notations are 1]lustrated in Figs. 3.6 to 3.9. Here
the index used fcr the finite-difference expressions is given below
each point, and the [J,1] index used in the FORTRAN code 1is given above
each point. These figures facilitate the transformation of the finite-
difference expressions given below into the equivalent FORTRAN state-
ments found in the program itself (see Chapter VII),

It is also convenient to introduce a notation for the grid-point
separation factors (the horizontal distances between grid points on the
surface of the earth). For each of the 7-, u,v-, u*-, and v*-centered
notations (see Figs. 3.6 to 3. 9), m L1 Mg and m, will denote the dis-
tance from -20 to 00, from -10 to 10, and from 00 to 02, respectively,
Similarly, n -1* Ppo and n, will denote the distance from 0-2 to 00,
from 0-1 to 01, and from 00 to 02, respectively. The numerical values
of L) no, etc. are given in Eqs. (3.11) to (3.15). For example, when
T= Or u -centered notation is used, m, and m, +q are given by DXP(}), 20
by DYP(J), n_ by DYU(3), and n, by DYU(3+1), whereas when u,v- or v -
centered notation is used, m, and m,, are given by DXU(J), 1, by DYU(}),
n_, by DYP(3-1), and n, by DYP(jJ).

In the following subsections, variables at the two vertical levels
will be indicated by the subscript £, with ¢ = 1 denoting the (upper)
level 9y and £ = 3 denoting the (lower) level Oqe In the FORTRAN code
the index L is used to indicate the levels, with L = 1 denoting the lev-
el 9 and L = 2 denoting the level 03.

3. Preparation for Time Extrapolation

At the beginning of each time step the dependent variables are

transformed into a set of pressure-area-weighted variables. This trang-
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formation is performed at the beginning of subroutine COMP 1 (steps
2500 to 2680). For the quantities carried at 7 points (m, T, T3, and q3)

the transformation is straightforward, and is given by

HOO = (mn)oo'noo (3.16)
(M) 00 = ™g0"00" 5,00 (3.17)
(Hq)3’oo = (mn)00"00q3,00 (3.18)

where (mn)00 is the m-centered area DXYP(J) (see Fig. 3.5).
For the transformation of the velocity components we similarly

write (in u,v-centered notation)

u
(M) ¢ 00 = Moo%e,00
(3.19)

u
(M), 90 = 00,00

where the u,v-centered area-weighted I is defined in u,v-centered nota-

tion as

u 1
Moo = Z [(mn)_lln_ll + (mn)llﬂll +(m)_; "9 7 (mn)l-lnl-l]

for 2 < 3§ sJ-1 (3.20)
with the polar expressions

u

1 —
n0,p+1 "3 [(m“)-l,p+2"-1,p+z i (m“)l,p+2"1,p+2] + (mn)i’lwi’1 (3.21)

u 1 =
nO,p-l 4 [(mn)_l’p_zn_l’p_2 + (mn)l’p_znl’p_z] + (mn)i,J"i,J (3.22)
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where p denotes the South or North Pole, and where

"1,1 ol ; "1,1 (3.23)
and

ERET I S (3.24)

1,01 1,3

i=1

The quantities given by Eqs. (3.20) to (3.24) are illustrated in Fig,
3.10. Note that since the poles are mapped into I grid points, Egs.

(3.23) and (3.24) provide unique values of m for all I grid points of
the South and North Poles. The other dependent variables carried at

the poles (Tl’ T3, and q3) and quantities computed at the poles, such
as the mass convergence discussed in the next section, are similarly

averaged. The polar adjustment of m, Tl’ T3, and q, is performed in

subroutine COMP 2 (steps 6410 to 6560).

C. SOLUTION OF THE DIFFERENCE EQUATIONS

1. The Mass Flux

The west/east and south/north mass fluxes are defined by Egs. (2.25)
and (2.26). These quantities require three finite-difference approxi-
mations corresponding to the three space-difference schemes (the up-
right, down-left, and centered) used during the cycle of the time in-
tegration. Furthermore, u* 1% xiven a longitudinal smoothing to avoid
computational instability resulting from the decrease in the longitu-
dinal spacing as the poles are approached. The mass-flux parameters are
computed in subroutine COMP 1 (steps 2710 to 2950) and the longitudinal
smoothing of u* is performed in subroutine AVRX(K).

In the v*-centered notation (see Fig. 3.9), the south/north mass

*
flux v at the level 2 becomes

P S N———
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Fig. 3.10 -- Illustration of the area-pressure weighting function MY centered
at u,v points. At non-polar points, MY is the sum of the four
shaded areas shown in (a), each weighted by its adjacent value
of n; at polar points, MU ig given by the sum of the three shaded
areas shown in (b) weighted by the indicated values of .
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(v + v ) (m., + 7 )
( 2,-10 ~ "2,10° ‘"o1 T To-1 (

m > 5 } MRCH = 1 or 2

x (o1 + Tp-1)
v0,00 = Y. 10 5 >when ¢ MRCH = 3 (3.25)

(m oy + 7. )
01 " "0-1

MYy _10 5 ) MRCH = 4 )

*
The west/east mass flux u is computed in three stages. First,

(nu) at the level ¢ is computed according to

n.u +n .u
172,01 . -172,0-1 e 1 o
(nu)) o = { "% 01 when { MRCH = 3 (3.26)
"_1%,0-1 R = 4 |

*
where u -centered notation has been used (see Fig. 3.8). Second, the

values of (nu)2 00 Te smoothed in subroutine AVRX(K) using a three-
?

point zonal smoothing routine that may be represented by

(;3)2,00 = Ao(nu)g’_lo + (1 - ) (au)y o0 + Ag(au), (3.27)

, 10

where AO i1s the weighting factor of the smoothing routine. This smooth-
Ing procedure is described further in Section D below. After this cal-

*
culation, the west/east mass flux u at the level ? is finally computed
from

Yoo (10 * "10)

%* —
Y2,00 © (““)n,oo 2 (3.28)

where the superscript NO denotes the smoothed resul: after application

of the subroutine AVRX(K) NO times (see Section D).
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*  and
4,120

*
uiJ) has no meaning. However, to determine the advection of momentum

*
At this point it should be noted that u at the poles (u
*
in the polar caps, an equivalent u at the poles is defined. The rou-
*
tine used to compute this equivalent polar u 1is described in Subsec-

tion C.3 below.

2. Continuity Equation

The prognostic equation (2.33) for the pressure tendency and the
diagnostic equation (2.34) for the vertical-velocity term may be re-

written in terms of the mass convergence at levels 1 and 3. Thus,

a* 5 j- :'_l.l
Y e Y 3.29
ot 2 \3x 3y 2\ex oy )
T 3 Sur ave
. 1(%1 V1), 1(%% Y3
'2<F a-y—>+2<ax * 3%y (3.30)

Tn the m-centered notation (see Fig. 3.6), the mass convergence at all

grid points, except the poles, is given by

* * % *

= (4 10" Y,m10 t (vg,01 ~ vy,0-1

2<jy<J-1 (3.31)
*
Only the south/north mass flux (v ) contributes to the total mass

convergence within the polar cap. The total mass convergence at the

South and North Poles is therefore given by

*
CONVz,l - 1_21 Yy 1,pHl (3.32)

s
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I *
CONV2 =as (3033)

»J Egi vzti!p-l

while the mass convergence attributed to each of the I sectors of the

polar caps is given by

: < 1 *
couvl’i’1 T 12:'1 Ve ptl (3.34)
I
1 *
CONVQ’i’J T 21 vl,i,p-l (3.35)

Thus, Eqs. (3.29) and (3.30) may be written in the computational forms

1
('BT) s b (coxwl’00 + CONV, o) (3.36)
00
. 1
S00 - 7 (CONV3’00 - CONVI,OO) (3.37)
for an arbitrary point outside the polar cap,
M w1 cony + CONV ) (3.38)
ot 1.1 2 1,i,1 3,1,1
’
1
51,0 77 (CONVy 4 ) = oWy ) ‘B2
at the South Pole, and
ol 1
(XE) g (CONV) gt COW, ) LD
1,J
. 1
1,03 (cox«v;"i’J - cowl’i’J) (3.41)

at the North Pole.
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Horizontal Advection of Momentum

The horizontal advection of momentum at the u, 6 v-grid point 1,]

and at the level £ is approximated in the equations of motion (2.27)

to (2.30) by

and

[%; (u*v) + %;-(v*v)]
*

9 * ) *
[5; (uu) + 3;-(v u)]2

2,1,]

-4

vU o Ndr

(3.42)

(3.43)

* *
where U 1s a vector in the x,y plane with u and v as its x and y

-
components, and N is the outward unit vector normal to the contour T

of the rectangular grid defined by the four m points surrounding the

u-grid point 1,3 (see Fig. 3.11).
To evaluate the integrals in Eqs. (3.42) and (3.43) the contour

I' is divided into eight segments.

*
U + N is defined (using u,v-centered notation) as

| | | n
wir - N1 wino

| |
[« Y120

wiro - N[5 wieo

RN

&= N &=

N =

FA

&=

[u

[u

[v

[v*

Ny

N =

* + * + *
01 u u

1

O +
o1t Unl t 50 7 [V vyl

* + *
10"V

x 1
20t Vool - %

* + * + *
[ugy +uyy +u

*

* 1
lugg + vpq] =% " 7 [Vogo * Ve

Along each of the eight s«~gments,

*

1

+ *
21 2-1 ¥ Ypq 1

*

5 * X
YRAATRARTIF

+ *
—2-1 ¥ Y b

*

1. % *
3 [ugy +u s

1,

along ab

along bec

along cd

along de

along ef

along fg

along gh

along ha

(3.44)
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Fig. 3.11 -- Schematic representation of the fluxes U,V and G,V on the
grid cell surrounding a point of the u,v grid (identified
by 00 in u,v notation; see Fig. 3.7).
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With these definitions, Eqs. (3.42) and (3.43) become

LR, 1 i
[52 (uu) + 55 (v “’]00 "2 [Ulo(“oo * u0) ~ Uipoog0 * Yoo

*+ Vo1(ugo * Up2) = Voo1(Ug-z + Ugg) * Upp(ugy + uyg)

~

= U1 Fugg) + Vg (Mg )

- V1-1(“2-2 + uoo)] (3.45)

3 k3 ok 1 )
[3§ @) # = (v Véloo 7 [”10‘”00 * V900~ U0Wog0 * Voo

*Y91M0 * V02) T V5-100-2 * Voo * V11 Mo * Vo)

U Vg g+ ) T Ve V) = Ty, 4 voo)] (G 55)
at all points outside the polar cap. In Eqs. (3.44) to (3.46) the sub-
script £ has been dropped, and it should be understood that these ex-
pressions for the horizontal advection are valid for £ = 1 and 3.

The momentum advection within the polar cap requires special treat-
ment. In Fig. 3.11 it can be seen that when the unit square represents
a north polar sector, the fluxes 6-11' vOl’ and ﬁll represent advection
across the pole. Physically, advection can occur across the pole only
from a single sector to that sector separated by 180 deg of longitude.
and U, are

-11° Vo1 11
not defined. However, the fluxes U_10 and U10 represent advection be-

Thus, transpolar advection is not calculated and V

tween adjacent sectors within the polar cap, but the definitions for
*
these fluxes [Eq. (3,44)) break down since u is not defined at the
*
poles. To circumvent this, a polar u 1is determined in subroutine

COMP 1 (steps 2790 to 3230) so that the near-polar U are given by

1/ * 1 * " * + * 3.4
Us1,p-1 " 6 (“o,J Y42,0 T Yo,p-2 “:2,p-2) (3.47)
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and the continuity equation

u

0,p~1 Y

3
3t Mo,p-1" * V1,51 7 Vo pm1 ™ Vo, p-2

u

~ ~ .

- U-l’p-z - v]_,p-z - So,p-l = 0 (3048)

1s satisfied for each of the north polar sectors. Here u,v-centered
WU

notation has been used, and the definition of S0 p-1 is givan in the
]

next subsection.
It is shown by Langlois and Kwok (1969) that under the above con-
*
ditions u at a polar grid point i,J is given by

i=1

» 1y 49
IR VR 3D DR (3:49)

where wi is given by

*! *! ! 1-1 *!
V1 = 05 Uy Vg ns V3 m Vg 0 F Vg ns ey Yy = kz_:l Vi+1/2°

iw2,3 «.,I (3.50)

and

1y
I )

-
—

*! *

Vie1/2 © Vi+1/2,p-1 T (3.51)

*

.

In Eqs. (3.50) ani (3.51) the fractional values of the index i1 are used
to denote the v*—grid poiuts to the right of the u,v-grid point (1,p-1).
Similar expressions can be derived for the South Pole.

. If we use Eqs. (3.49) to (3.51) to determine the values of u;,J and
utZ,J in Eq. (3.47), the polar horizontal advection of momentum in u,v-

centered notation becomes
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3 k. 3,k i
[3?'(“ u) + 55 (v “)] "2 [Ul,p+1(u0,p+l * Uy o)

0,p+l
= Uy, 12, pe1 * Y0, p Pt Vo,p42%, pr1 T Y0, pr3)
A A P RS L Y R u_z‘p+3)] (3.52)
and
3 k. Dk 1
[3; (uv) + Wy (v v)]o 3 [Ul,p+l(v0,p+1 + v2,p+1)
» P+l
= Uy, 1 Vo2, i1 T V0,001’ t Vo, pe20,pr1 T Vo, ped)
+ Ul,p+2(v0,p+1 + v2,p+3) + v-l,p+2(v0,p+1 + v-2,p+3)] (3.53)
at the South Pole, and
3,k 3,k 1
[H (uu) + 3_}" (v u)] = 3 [Ul,p-l(uo,p-l + uz,p-l)
0,p-1
=V g,p-102,p-1 F Y9, p-1) " Vo,p-2%,p-3 * Y0,p-1’
“ g 2o o * Y0,pet) 7 T, pe2 g, pes ¥ Vo)) G459
and
3,k 3k 1
e« +F o v] 3 (11,0100, p1 * 2,50
0,p-1
= Vy,p-1922,p-1 % Y0,p-1 " V0,p-2%%,p-3 * Vo,p-1
ST p2eapes * 0,01 o2 e * Yo,per)] G4

at the North Pole.
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4, Vertical Advection of Momentum

In Subsection C.2 the vertical velocity parameter S is defined at
n-grid points [Eqs. (3.37), (3.39), and (3.41)]. However, for use in
the momentum equations, a éu, analogous to N [Eqs. (3.20) to (3.24)]
must be defined at u,v-grid points. Thus, at u,v points outside the

polar cap the vertical advection term in u,v-centered notation is given

by

(u +u ) . .
1,00 ¥ Y300’ su _ I ; . o
e 800 " U,00 351 t Sip F Sip t S (3436)
and at the poles by
“1,0,p41 * ¥3,0,p00) R Les + 8 )+ § (3.57)
2 0,p+1 = Y2,0,p+1 [ 5-1,p42 T 51,p42 1,1
and
(u +u [] . -:
1,0,p-1_ 3,0,p=1 gu X + + 5 3.58
= S0,p-1 = U2,0,p-1| 5¢51,p-2 ¥ S1,p-2) * 54,5 B39
where
N 1 I,
51,071 1";1 54,1 (3.59)
and
5. 1 L
51,01 2 54,3 (3.60)



5. Coriolis Force

To evaluate the Coriolis force term in the momentum equations,
the parameter F [Eq. (2.24)] and the Coriolis parameter f = 20 sin ¢
are the first obtained at the m-grid points. The Coriolis parameter
1s computed in subroutine MAGFAC (steps 14710 to 14750). In terms of

T-centered notation it is defined as

a
fOO =0 m [(cos (P_z + cos (PO)m-l

- (cos ¢b + cos ¢b)m1] (3.61)

Equation (3.61) can be reduced to

cos <P - CO0S <P
£ = -20 2 =2
00 %, - %,

which is a finite-difference analog of
f-ZQsintp--ZQa—(c-g%—(&)-

At the poles f is given by
fJ =0 ?53;; [(cos ¢& + cos ¢h_1)mJ] (3.62)

and

£ = f (3.63)
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With the Coriolis parameter defined by Eqs. (3.61) to (3.63), the

finite-difference form of Eq. (2.24) in m-centered notation becomes

1

Foo = (M) gofpg = 7 (uogy +uyy +u

1-1 + u_l_l)(m1 - m_l) (3.64)

Finally, the Coriolis term at a u,v-grid poirt is represented in

terms of F at the four surrounding 7 points by

A i M o= il
2,00 " 3 ) )
. (r_gy *7pp) Flgy *F ) . o
) ) 2,00 :
B, = (g *may) Py +Fy)
2,00 = 2 ) )
. (Mg * 7)) Gy * ) Y 2
) ) 2,00 :

where u,v-centered notation has been used.

6. Pressure-Gradient Force

The pressure-gradient force terms require a treatmenf'analogous
to that for the mass flux discussed in Subsection C.1. That is, they
require three finite-difference approximations corresponding to the
three space-difference schemes used during the cycle of the time in-
tegration, and the pressure-gradient terms of the u-momentum equation

are smoothed using subroutine AVRX(K), as discussed in Subsection C.1.

In u,v-centered notation, the pressure-gradient force in the u-

momentum equation [Eqs. (2.27) and (2.29)] is given by



Oty

n N

0 - 0
=g (O gy # ) yy = 0y qp) *TGomay) g+ (oymayy dlmyy = my))

N
n
R O A R (RIS CACR IR ICHTE Y

0

when MRCH = 1 or 2

n N
0 - 0
=7 (O + om0y gy = 0 ) F TGoma) gy * (9pmap)yy Jmy = myy))

when MRCH = 3

n No
0 Z
= {(“-1-1.+"1-1)(¢2,1-1 - ¢2'_1_1) + [(oyma))_, ; + (o,ma,);_41(m 4 “-1-1)}

when MRCH = 4

(3.67)

N

where ( ) s indicates the smoothing procedure in subroutine AVRX(K)
and ¢2 is the geopotential at the levels £ = 1 and 3 defined by Egs.
(2.16) and (2.17). The geopotential is evaluated at 7 points in sub-
routine COMP 2 (steps 5260 to 5430).

For the v-momentum equations [Eqs. (2.28) and (2.30)] the pressure-
gradient force is given by
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+ u
‘ 1] "1 7 "4 11 " "1 _
- mol 2 [ 7 (0g,-11 " % ,-1-10 Y T3 (¢g,11 = %,1-1)
(o,ma,) + (o,ma,) ,_
L1 22" -1 %711 v )
2 2 -11 - "-1-1
. (0gmap)yy + (pm9g)y A )
/] 11" "1 ’

when MRCH = 1 or 2

Tt e e (ogmagdyy + (ogmapdyy oo
=M 7 %11 " %11 7 11 -~ "1

when MRCH = 3

(o ma.) + (o, 7a,)
2% )-11 2 "%)1-1 )
- b))t 2 (3 1'-1-1)]

when MRCH = 4

(3.68)

7. Horizontal Advection of Temperature

The horizontal advection of temperature at the level £ and for an
arbitrary n point at the latitudes from ¢5 to qb_z is given in mw-cen-

tered notation as

3 * 3 * * *
5; (uT) + 3; (vT L 00 (u T)‘L’10 - (u T)l’_10
]

* *
+ (v T - (vT (3.69)

2,01 £,0-1



where

*

1
2,+10 = Y2,210 7 (To,00 * Ty, 120 (3.70)

*
(u'T)
and

T (3.71)

* * 1
) - =
(VT o021 = Ve,001 2 To,00 * Ta,0:2)
At the poles only the south/north mass flux contributes to the
advection of temperature. Thus, for the South Pole, Eq. (3.69) re-

duces to

[3 W' + & ¢ *r)] v*1) (3.72)
— u —— v = v .
3% 3y 4001 2,0,p+1
where
7,01 ‘z 0 )
* * *
T =
V' Dy,0,041 ™ Va,0,p41 1 Ve 0,ph I ‘ @73
T!L,O,p+2 <0
while at the North Pole it reduces to
3 * 3 * *
[ax 3y ) £,0,J Ty 0,p-1 o)
where
) Te,0,3 <0
*
) £ v (3.75)

£,0,p-1 B vl,o,p-l vl,O,p—l
T9.,0,p-2 l >0 s
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At the latitude2 q& and q& 1 (the points (i, p¢2) in m-centered
notation] the west/east adveation term (2-u T) is given a special
treatment. The form of the total ndvoctlon term, analogous to Eq.
(3.69), is given at these latitudes by

RPN T ‘ g
[3; (bT) + £ (v T)]'"O.p22 (u T)t,l.pzz = (u T)t. -1,pe2

* '
t (v T)l.O.P$3 P (v T)loooptl (3.76)

with (v*T) given by Eqs. (3.73) and (3.75), and with
£,0,p*l

[

* * -
vy 0,43 = V2,0,pe3 2 To,0,pe2 ¥ Ta,0,ps4) (3.77)

T
. £,2,p*2
(uT)

£,1,ps2
: L+ of

fFuzna) <2
* x
2,1,p+2 © Yp,1,p#2 l ’ if v (3.78)

1=2,p22

»0,p*2
£,-1,p*2 £,-1,p*2
Ty,0

L
‘Tz 1 . ‘ 20 I
®
(') -y l ‘ o ouy oo (3.9)
L

[ <o

»0,pt2

8. Energy-Conversion Terms

The first two energy-conversion terms in the thermodynamic energy
equations (see Table 3.3) do not require horizontal finite-difference
expressions. They are evaluated at v points in subroutine COM’ 1 (steps
4560 to 4660) from the equations

L9
P\ O * 9., « 1/T1,00 . T3,00\:
[(“‘) 7 S *Po02| % * % )Se0 (3-80)
2,00 P1,00 P3,00
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T
gar am\ | 72,00 (3n
(f ac) °2"00 5, oo (at)oo (3.81)
P 2,00 ’

vhere § and 3N/3t are avaluated at points using Eqs. (3.36) to (3.41),
and the pressure at level £ is given by

Py = Pp + o,m (3.82)

In Eq. (3.80) the definition

- K
0
oy o1, (n)

has been used to eliminate the potential temperature, and in Eq. (3.81)

the equation of state in the form

has been used to eliminate the specific volume.
The remaining energy-conversion terms at the level 2 are evaluated

from the expression

: * | 54
"J—"l (u* .3_1 + v* 2.:'—) - 1— _1- [('J’lu ﬁ)
c Ix y c_ 2 ax 2. -10
i,00 P ’
* * %
+ (oau %1) + (oav %1) + (oav %1) ] (3.83)
X 4,10 Y 1,0-1 Yoz,01

where m-centered notation has been used, and where
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* 3 B}
(°““ 5?)2 0 (47,0 ¥ 00 [(OaM) ) 00 * (cam), 00172

( N

0
n,u +n .u
12,411 : -1°8,41-1 1f MRCH = 1 o 2
No
X < (nluz’ ) 1f MRCH = 3 (3.84)
No
(n-luz,tl-l) if MRCH = 4
o = Gy, ¥ 1) [(00p), . + (cam). . 1/2
3y ) “Tos2 * Moo’ 10990y g4p + (vam), 49
2,0+1
(P10 TV o
2
X <’ MYy 141 1f MRCH = 3 (3.85)
[ P1Y,-101 1f MRCH = 4
In Eq. (3.84), ) = denotes the zonal smoothing routine in subrou-

tine AVRX(K) (see Chapter III, Subsection C.1).

9. Horizontal Advection of Moisture

As discussed in Chapter II, moisture is carried only at the level
2 = 3. Furthermore, the moisture is considered to be advected by the
average wind in the layer between 2 = 3 and the surface. By linear ex-
trapolation to the surface of the winds at levels ¢ = 1 and £ = 3, the
average pressure-area-weighted wind in this layer is given by the

equations
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* *
Bgt U s w1 ow
2 P |
(3.86)
* *
V3tV 5 o4 1o
g Ve S V]

Using Eqs. (3.86) for the advecting wind, the expressions for the west/
east and south/north moisture advection at m points outside the poles

ar2 given in m-centered notation by

1 [ -2l - (), (09), )
R R\ URE IR [ FYPYS ANh ) PP b -

1
]
p——
E—
L0
(%]
c
-
s
W
-
=
o
—
L0
(%]
c
[
s
W
-
]
=
(=]
e—
~~
W
o]
~J
S’

and

e~
|y
<
p——
W
——
&Hln
<
w »
1
&l
<
- %
S
—)
N— et
W
-
(=]
o
[ ]
&|n

(), - (e5%), .

1 l(q v*) ( *) ] (3.88)
T - q v .
YA Y500 V315 0

Physically the moisture parameter q is a non-negative quantity.

Therefore, the fluxes <q3u;) » etc. on the right-hand sides of Eqs.
3,01
(3.87) and (3.88) must be defined in such a way that when a grid cell

becomes "dry," advection to neighboring cells will be prevented. With
this restriction, the moisture fluxes in 7-centered notation are given

by
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(0 if + -10
(23,00 * 23,50) < 10
u >0
3,10
Gy 93,00 < 93,20 * | ¥
33910 Y310 93,007 “1,20 < °
e - Wy 030093,20 = ’ (3.89)
(a5u)) “ 10 93,00 * 93,20 *
3,10 ' u <0
, L o, and | 3110
3,00 ~ 93,20 Y
Y1,10
93,00 * 9
—‘—2—3‘-2—9 otherwise
\
5 e ¢ + ) < 10710
2,00 ¥ 93,0-2
* . 0
u
3,-10
( ut) R q'!.-Z() < q'!,OO and u‘ <o
3% uy 94 00%7 - 1,-10
sl 908 L 93,009,000 a
* * SAG 7 if or (3' 0)
(“3“1) Y 10 3,00 13,220 *
3,-10 ' N g [9-10 7 0
93,-20 7 93,00 * . §
Y1,-10
93,00 * 93,-20
2 otherwise
{
r -10
0
L (ay00 * 9y.0p) < 10
* >0
v
3,01
(@) . 93,00 © 93,07 nd R
BRI IS G STV B DR L W I 1,01 3.91
» * ¢ ¥ on (3.91)
(q.v,) v 93,00 7 13,02 *
1 o 1,01 J J iy <0
1] »
93,00 ~ 94,07 20d -
V1,01
93 np * 9
1,00 3 3,02 otherwise
{ 3
( -10
0 1 (ay 99 * 9y ,9-9) - 10
v >0
1,0-1
(v S 93,0-2 7 93,00 20 | o <o
WYy, 1,0-1 95 097 nn 1,0-1
1,0-1 o * M 5 - 3,0073,0-2 if or (3 92)
* “ .
(qa,v)) Vi,0-1 93,00 * 91,0-2 »
1,0-1 Vyn-1 <0
3 > and '
93,0-2 7 93,00 2 T
1,0-1
q +q, .
Dapn * Bt s
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In the polar caps only the south/north advection terms given by
Eq. (3.88) contribute to the advection of moisture. 1In m-centered

polar notai{on, Eq. (3.88) at the South Pole becomes

g%[%(% 5= 5 v;)” 3,01 %(q3v;)3

and at the North Pole

(3.93)

i)
4\'373 3,0,p+1

»0,p+1

1 * 5 * *
TR N 1ot (3,96
3,07 3,0,p-1 3,0,p-1

W »

(‘i—y ["3(% "

where the fluxes on the right-hand side of Eq. (3.93) are given by Eq.
(3.91) and those on the right-hand side of Eq. (3.94) are given by
Eq. (3.92),

10. Horizontally Differenced Friction Terms

The friction terms F;’y and Fg’y appearing in the equations of

motion (2.27) to (2.30) are given in horizontally differenced form in

u,v notation by

u =2
F1,00 = "BE(Yy 50 = U3 g0) (7g0) (3.95)
y - _ u -2
F1,00 ™ "B8(¥) 50 = V3 0) (Tg) (3.96)
FX = 28(u -u ) (n )-2
3,00 1,00 ~ 3,00 (Moo
u
" +p
_ 25_ ¢, _Q.Qu__l"_ (IV '" + c) 0.7y, 40 (3.97)
RT 8100 ’

00 4,00
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y - _ u -2
F3,00 = 88 g9 = V3 gg) (Tog)

(n
- 28 _00—__
2 q, (,V , )(0.7)v4’00 (3.98)
00 RT, 00

These forms rest upon the approximation of the height difference
(z1 -z ) in Eq. (2.36) by Az(n/ﬂ ), where Az(= 5400 m) and n (- 200 mb)

are standard values of (z, - z ) and T, respectively. The coefficient

1
B thus becomes 8 = ZﬂSU(Az) 1, and is taken as 0.13 mb2 sec m-l, corre-
sponding to u = 0,44 mb sec.

In Eqs. (3.97) and (3.98) the surface wind speed ’Vs,ﬂ is given

(in u,v notation) by

,Vs,go - .1.( ,v !2 ’v ’02 ’v ’_22>1/2 (3.99)

where Vs = 0.7,34, and where V = = v -3 V = (u4,v4) is the wind

extrapolated to level 4. Here the subscripts refer to the u,v grid
(see Fig. 3.7). The gustiness term is given by the constant G =

2.0m sec-l. The surface drag coefficlent is given by the relations

min [(1.0 + 0.07’68," )10'3, o.oozs] , 1f scean
00

C. = (3.100)
0.002 + 0.006(24/5000 m), otherwise

where z, is the elevation of the surface of the ground. !lence C

varies between 0.001 and 0.0025 over the ocean, while over either bare
land or ice, CD is independent of the wind speed and varies between
0.002 over lowlands and sea ice to about 0.007 over the higher moun-
tains. This increase of the drag coefficient with z, 1s an attempt to
simulate the increased roughness or ruggedness of the terrain in higher

elevations, as suggested by the work of Cressman (1960).
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As elsewhere in this section, the subscript 00 (in u,v-centered
notation) denotes an arbitrary point of the u,v grid, and the super-
script u denotes the average of the four surrounding points of the

7 (or primary) grid. Hence
(3.101)

recalling that the m grid is displaced upward and to the left of the
u,v grid (see Fig. 3.2). The factor (ﬂgo + pT)(RTZ,OO)—l in Eqs. (3.97)
and (3.98) is thus the surface air density Py This averaging serves
to "center" the pressure and temperature on the local velocity point.

Note, however, that 'VS," also involves a 4-point averaging; although
00

this is unnecessary for a point of the u,v grid, it i1s consistent with
the calculation of the surface evaporation and sensible heat flux at
points of the m grid (where averaging over velocity points 7s necessary).
In the program the frictional terms (3.95) to (3.98) are computed
every fifth time step as part of the COMP 3 subroutine (instructions
9700 to 9920), and directly give the frictionally induced speed change
inm sec-1 for the 5At = 30 min interval. The factor I in Eqs. (2.27) to
(2.30) 1s effectively divided out in the finite-difference computations.

11, Moisture-Source Terms

The source term 2mng(E - C) in the moisture equation (2.35) may

be written in differenced form as

2mng(E - C) = 2(mn)oog(1-: - 0o

i
00

= o571 (8a) - (8q) - (8q,) - (8q.) (3.102)
J4t g 31s 3 em Y ep .

where the subscript 00 denotes (in m-centered notation) an arbitrary
point of the m grid (see Fig. 3.6). This source computation is carried

out for level 3 every five time steps in subroutine COMP 3, instructions
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11300 to 11310. Here the level-3 moisture change (in 5At) due to

evaporation is given by

<28 g
m

OSAt (3.103)
, 00 00

(Aq3)E 0

according to Eq. (2.111), where EOO is the local evaporation rate 1t-
self. The level-3 moisture change due to large~scale condensation is

given by

c

(8q,) = £ (a1,) (3.104)
¥1s,00 L 3 Ls, 00

where (AT is the local temperature change (over 5At) at level 3

)
3 LS
due to the large-scale latent-heat release, as given by Eq. (2.47).

The level-3 moisture change due to middle-level convection is given by

c
(8q,) = & | 1) + (aTy) (3.105)
M, 00 CM, 00 M, 00
where (ATl) and (AT3) are the temperature changes (over 5At)
M, 00 CM,00

at levels 1 and 3 due to the latent-heat release in middle-level con-
vective condensation, as given by Eqs. (2.73) and (2.74), respectively,

Finally, the moisture change at level 3 due to penetrating convection

is given by
c
(895 = & [ (et + (a1,) (3.106)
CP,00 CP,00 CP,00
where (ATl) and (AT3) are the temperature changes (over 5At)
CP,00 cP, 00

at levels 1 and 3 due to the release of latent heat in penetrating con-

vective condensation, as given by Eqs. (2.101) and (2.102), respectively.
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The three moisture-change terms, Eqs. (3.104) to (3.106), col-
lectively constitute the total moisture sink due to condensation,

which we may then write as

[(Aq3) + (Aq3) + (Aq3) ] - 28 C..5At (3.107)
S ™ CP

b 00
L 00 00

in analogy with (3.103) for the evaporation. Since all condensed water
vapor is assumed to fall out as precipitation, we may also rewrite
Eq. (3.107) in the form

= (P, +P, +P

st Poy * Pep) (3.108)

00 00

where PLS’ PCM’ and PCP are the precipitation rates resulting from
large-scale condensation, middle-level convection, and penetrating con-

vection, as given by Eqs. (2.50), (2.76), and (2.107), respectively.

12. Diabatic Heating Terms

The heating terms Hﬁllcp and Hl'{3/cp in Eqs. (2.31) and (2.32) may

be written in differenced form as

ROOHl,OO/cp (3.109)

HOOHB,OO/cp (3.110)

where the subscript 00 (in n-centered notation) denotes an arbitrary
point of the m grid. These terms are computed every fifth time step

in the subroutine COMP 3. Here the diabatic heating rates at levels 1

and 3 are given by
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-1. J,f 3
(c.) 'H = (A, + R, - R,) [—=E_
P 1,00 1 2 0" g \{rmcp)
+ [(ATl) + (ATl) ] /SAt (3.111)
cM cplyy,

_lo 2 2
(c.) 'H = (A, +R -R) (—E) +7r —=B_
P 3,00 3 4 2 00 <ﬂ00cp 00 "OOCp

+ [(AT3) +(AT3) +(AT3) ] /SAt (3.112)
M CP Lsly,

according to Eqs. (2.173) and (2.174), where Al and A3 are the net short-

wave radiation absorbed at levels 1 and 3, and R2 - R0 and R4 = R2 are
the net long-wave radiation absorbed at the two levels. These terms in
Eqs. (3.111) and (3.112) therefore constitute the radiative portions of
the diabatic heating. The lower-level heating also contains a contri-
00° The

terms in (ATl) and (AT3) are the temperature changes due to convective

bution from the vertical sensible heat flux from the surface T

effects, with the subscript CM denoting midlevel convection and CP de-
noting penetrating or deep convection. Together with the term in the
level-3 temperature change due to large-scale condensation, LS, these
terms constitute the portions of the diabatic heating due to the release
of the latent heat of condensation, as considered in Eqs. (3.104) to
(3.106). The total diabatic heating is illustrated in Map 8, Chapter IV.

D. SMOOTHING

Aside from the smoothing built into the time finite-difference ap-
proximations themselves, relatively little explicit smoothing is per-
formed in the present version of the program. The subroutine AVRX(K),
which performs a three-point ronal averaging, is employed in the main

subroutines COMP 1 and COMP 2 principally for the mass-flux variables
* *
uy and u,, as described in Subsection C.1 above. The only other use
L
1 E]

of AVRX(K) is with the zonal-pressure force terms (ﬂ —— + o_.na —I-)
36 3x 171 5x

3 am
and (w . + 0,ma, 3;) in the momentum equations, as described in
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Subsection C.6 above. The effect of the use of subroutine AVRX(K) is
to introduce a multiple-point zonal difference for higher latitudes
to help avoid computational instability; the variables such as u: are
not themselves smoothed.

This selective zonal averaging subroutine is called every time
step, with the number of smocthing passes made at each step (as well
as the smoothing weighting factor) increasing with latitude. Denot-
ing () the smoothed value of a variable ( ), the zonal smoothing
subroutine AVRX(K) may be described by

(o = 20 g0 ¥ Q- Do + 250 ),

where the subscripts denote identity points in the (i,j) grid array,

and where the weighting or smoothing factor ), is given by

0
‘ 0, for No <1
AL =

0
l [1/8(ne/m0 - 1)]/No, for Ny 2 1

Here n, is the latitudinal separation of grid points at the equator,

m, is the longitudinal separation of 7 points at the latitude of the

0

smoothing, and N, is the integer part of (ne/mo). The smoothing is

0
applied No times at each latitude, as shown in Table 3.7. Note that
the number of applications of the smoothing operator increases from
zero between the equator and 234 deg latitude to 11 near the poles.

The strength of the smoothing as given by A. 1s also seen to vary with

0
latitude.

An explicit smoothing occurs in the subroutine COMP 3, where the
heating rates ﬁl and ﬁ3 for the two model layers [as in Eqs. (2.31)
and (2.32)] are first averaged together, area weighted, and then sub-
jected to a 9-point horizontal averaging prior to their final incor-
poration into the temperature-change computation at each level. This
smoothing 1s described as part of the subroutine COMP 3 (see Chap-

ter II, Subsection G.4).
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Table 3.7
SMOOTHING PARAMETERS USED IN SUBROUTINE AVRX(K)
Here XO is the three-point smoothing weighting

factor [as in Eq. (3.27)] and NO is the number of
times the smoothing is repeated at each latitude.

, deg No 2o
(LAT) (NM) (ALPHA)
-34 to +34 0 0
+38 1 1.90 x 1072
42 1 9.56 x 1073
+46 1 1.90 x 1072
£50 1 3.06 x 1072
454 1 4.51 x 1072
+58 1 6.37 » 107
+62 1 8.80 x 1072
+66 1 1.21 x 107}
+70 2 8.37 x 1072
74 2 1.19 x 107t
+78 3 1.19 x 1071
+82 5 1.19 x 107!
+86 11 1.19 x 1071
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The remaining smoothing operations are performed on the lapse
rate in the subroutine COMP 4, which is called every 5 time steps.

Here the temperature at levels 1 and 3 is smoothed according to

1 L =
T1 =3 (T3 + Tl) - n[TD + 78 (TD - TD)]) (3.113)
1 i —
T3 =ay (T3 + Tl) + n[TD + 78 (TD - TD)] (3.114)

where the temperature difference (or lapse rate) TD 1s given by

T, - T
D = %(—3———1—) (3.115)

and () denotes the 9-point horizontal average about a point 00 of the

m grid, given in m-centered notation by

= _1
TDyp = Tg (TD_,, + 2TDy, + TD,, + 2ID_,  + 4TDy

+ 2D, + TD_, , + 2ID, , + TD, ,) (3.116)

Since the first terms of Eqs. (3.113) and (3.114) are a form of vertical
averaging, this subroutine may be regarded as a three~dinensional smooth~-
ing operation, wherein the temperature at levels 1 and 3 is altered in
proportion to the departure of the local lapse rate from the 9-point av-
eraged lapse rate. If TD = Tﬁ, for example, T1 and T3 remain unaltered
by this smoothing. Viewed in another fashion, from Eqs. (3.113) and

(3.114) we have

1 —
T TDsmoothed = TD + %8 (TD - TD) (3.117)

and the averaging may be regarded as a local smoothing of the lapse

rate.
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Another part of the subroutine COMP 4 (instructions 12270 to
12680) provides for the smoothing of the local valocity change through
the simulation of a horizontal diffusion of mom:ntum. This portion
is omitted in the present version of the code through the assignment

of a zero lateral-diffusion coefficient.

E. GLOBAL MASS CONSERVATION

Although the continuity equation (2.33) is solved at each (mass)
point of the grid at each time step (see Chapter III, Subsection C.2),
a small loss of mass over the globe still occurs because of the trun-
cation cause:! by the retention of at most 7 decimal digits in the
single-precision calculation (which does not round) of the surface
pressure on the IBM 360/91 computet.L Over the globe this amounts to
approxir.ately a 0.0028 percent (2.8 ~ 10-5) loss of mass per day of
simulated time. To correct for this effect, the subroutine GMP is
used once every 24 hours; in GMP the local value of the surface pres-
sure parameter, 7, is increaced (at every point) by the amount
984 mb - ;;, where B; {s the global average surface pressure determined
each day (as the sum of the global average of the current = distributfon
and the constant tropopause pressure Pr *® 200 mb)., Here the censtant
984 mb is used to represent the observed global average surface pres-
sure, and is read into the program as the loaded constant PSF. In
the present version of the program this correction at each =-grid point

thus amounts to approximately 0,028 mb per day.

F. CONSTANTS AND PARAMETERS

1. Numerical Data List

Although a number of the constants and parameters used in the mod-
el integration are given elsewhere [see particularly the chapters on
model performance (IV), the list of symbols (VI), and the FORTRAN dic-

tionary (VIII)], it is useful to collect them here for easy reference.

.Presumnbly thia loss would be reduced by the use of double-pre-
cision arithmetic.
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Those symbols with an asterisk (*) are defined within the subroutines
COMP 3 or INPUT, with the others loaded via data cards (see Chapter 1V,

Section A).

Constant Symbol Value and Units

ratio of latent heat of conden-
sation to specific heat at

constant pressure, L/cp cLu”’ 580/0.24 deg
length of day DAY 86,400 sec
days per year DAYPYR* 365 days
maximum solar declination DECMAX* 23,57/180 radians
north/south grid-point spacing DLAT 4 deg
east/west grid-point spacing DLﬁN* 2n/IM radians (= 5 deg)
time step, At DT* 360 sec
time step, At DTM 6 min
standard value of vertical 2 -1
eddy mixing coefficient ED 10 m" sec
gravity, g GRAV 9.81 m sec”?
vertical shear-stress
coefficient (x 107) X 0.2 sec”!
grid points in meridional
direction JM 46
grid points in 2zonal
direction IM 72
thermodynamic ratio, « KAPA 0.286
frequency of source-term
calculation NC3 5 (every 30 min)
average surface pressure PSF 984 mb
standard sea-level pressure PSL 1000 mb

tropopause pressure, Pp PTR@P 200 mb
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Constant Symbol Value and Units

earth's radius, a RAD 6.3750 x 106 m

dry-air gas constant, R RGAS 287.0 m2 deg_1 sec-2

solar rotation period RGTPER* 24 hr

upper model level, o, stc(1)” 0.25

lower model level, Oq SIG(Z)* 0.75

solar constant (normalized) Sﬁ* 2880 1y day-1 (= 2 1y min-l)
freezing temperature TICE* 273.1 deg K

2. Geographical Finite-Difference Grid

The specific geographical position of the points of the 46 by 72
grid is shown in Fig. 3.12. Here the grid points of the primary or
7 grid are given over the oceans every 4 deg latitude and 5 deg longi-
tude, together with the outlines of the continents and islands re-
solved by the interlocking points of the u,v grid. The left-hand and
right-hand colums of grid points are at 180 deg longitude; the top
and bottom rows are at the North and South Poles, respectively, with
the latitude identification on the right of the figure. The finite-
difference indices i and j are shown on the bottom and left side of
the figure, respectively. This map is on the same scale as that used
to show the land elevations and sea-surface temperatures in Figs. 3.13
and 3.14, and is the same as that used for the selected variables pro-

duced by the map-generation program in the figures of Chapter 1V,

3. Surface Topography (Elevation, Sea-Surface
Temperature, Ice, and Snow Cover)

During the course of a numerical simulation, the land surface
elevation and the ocean surface temperature are held fixed, and thus
serve as physical surface boundarv conditions. Although these data
may conceivably be changed from one simulation to another, their
normal distributions are shown in Figs. 3.13 and 3.14 in the form of

the programmed Map 5 output (see Map Routine Listing, Chapter VII), and
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ft and the 3000-ft

ice-covered land.

» with isolines every 103

ol T denotes

a themselves are given in Table 3.8.

Fig. 3.13 —- The distribution of surface elevation

The grid-point

The overprinted svmb

contour dashed.
elevation dat



~11i-

*0T°¢ 2T9el ur uaaIl a1e S9A[dswWaY3 eviep aanjeviadwasg
=991 S230uU’dp | Toquis poijuradiano ayl
TTOST yatm ‘aanjeaadwsy aoejans

jurod-pra8 syl -ueado p3aanod

*POUSEDP wIayl0sT
3,0 @243 pue ) 8op 7 KLi19a3 sau

—¥9S 30 UOIINQTIISIp Ayl —- wi-¢ -S1g
‘06~




-117-

the corresponding global grid-point values are given every 5 deg longi-
tude and 4 deg latitude (at the points of the 7 grid) in the tabula-
tion following the maps.

The land elevations shown in Fig. 3.13 are based upon the values
at points of the 4 deg latitude, 5 deg longitude grid (see data tabu-
lation), which were themselves obtained from the subjective interpola-
tion of topographic maps. These data resemble (but are not identical
to) the data given by Berkofsky and Bertoni (1955), and are tabulated
in Table 3.8. 1In Fig. 3.13 the overprinted symbol I designates those
grid points at which the land 1s ice covered; in the data tabulation,
the elevation of these points is given separately in Table 3.9, where
0 denotes the locations of sea ice. In the present version of the
model, the ice-covered points are not permitted to change their sur-
face cover during the course of the simulation.

The ocean surface temperatures shown in Fig. 3.14 are based upon
the values at points of the 4 deg latitude, 5 deg longitude grid (see
data tabulation) which were obtained from the average annual sea-sur-
face temperature data given by Dietrich (1963). These data resemble
(but are not identical to) the mean of the average February and August
distributions given by Sverdrup (1943), and are tabulated in Table 3.10.
In Fig. 3.14 the overprinted symbol I here designates those m-grid
points at which sea ice 1s prescribed (and held intact throughout the
simulation); in the data tabulation these sea-ice points may be iden-
tified by the assigned constant temperature O deg C (see Table 3.9).
Because the ocean's surface temperature is not allowed to change, even
though there are evaporation, radiative transfer, and sensible-heat
fluxes at the surface, the ocean has effectively been assumed to be of
infinite thermal capacity. The surface temperatures of the sea ice,
land ice, snow-covered land, and bare land, on the other hand, are
allowed to change, and are separately computed (see COMP 3 in the Pro-
gram Listing, Chapter VII).

All land grid points north of a seasonally varying northern snow-
line (SN@WN) are considered to be snow covered. Snow does not cover
either ice-covered land or sea ice. The northern snowline has a 15-deg

sinusoidal seasonal variation around 60 deg north latitude given by
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SNPWN = 60 deg - 15 deg cos [%’3 (day - 24.6)]

where ''day" is the number of the day of the year, with day O correspond-
ing to 1 January. A constant southern snowline (SN@WS) is defined at

60 deg south latitude. Although the value of this southern snowl ine

is required by the program for the surface-albedo calculation (see
Chapter III, Section H), it actually has no function in defining snow

cover, since all land south of 60 deg 1s permanently ice covered (see
Fig., 3.13),
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Table 3.8
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Table 3.8 (cont.)
FLEVATION (100 FT)
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Table 3.8 (cont.)

LAND ELEVATION (100 FT)
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Table 3.9 (cont.)
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Table 3.9 (cont,)
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IV. MODEL PERFORMANCE

A. OPERATING CHARACTERISTICS

l. Integration Program

The Mintz-Arakawa two-level model is written in IBM FORTRAN IV
(see program listing, Chapter VII). The core size, central processing
unit (CPU) time, and the input/output (I/0) requirements are based
on experience with the FORTRAN H compiler on an IBM 360/91 at UCLA for
a 46-by-72 array. The model uses about 400,000 bytes of core memory,
and each simulated day requires about 25 minutes of CPU time and about
1000 I/0 requests. All calculations are performed with single-precision
arithmetic.

The program in its present form 1s expected to start from nonzero
initial data, and the history-restart tape is used to provide the ini-
tial values for continuing the calculations. The time to restart is
specified by the parameters TAUID and TAUIH (see the control-card se-
quence below). The tape is read until the last record is reached or
until TAU from tape (expressed in hours) is less than or equal to
TAUIH + 24+TAUID. If the last record on the tape (identified by ~TAU)
is reached before the specified time to restart, the last set of data
will be used. This allows automatic continuation of the calculation
from the last time data were stored on the tape.

The input parameters TRST and TERM control the disposition of the
old and new sets of data. If TRST = 0, the newly computed data will
be written on the old hist ‘y-restart tape as if no interruption had
occurred; otherwise, the new data are written at the beginning of a
different tape. If TRST # 0, the parameter TERM determines whether
the old history-restart tape is to be terminated after the restart data
are read from it. If TERM = 0, the old tape is not terminated. The
data-set reference number of the tape to be written is always 11. 1If
TRST # 0, the initial data is read from data-set reference number 10.

Various control parameters and constants in the program are read

from cards, although several of the parameters that are read in the
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model's present version no longer influence the program. The topography
deck following card number fourteen (MARK) is read only if a change is
desired in sea-surface temperature, land elevation, or the assigned
distribution of ice. All numerical values follow the standard FORTRAN
convention except KAPA, which is a real number. Only the constants
NCYCLE, NC3, JM, IM, MARK, LDAY, LYR, and the sequence numbers in the
topography deck are in integer format. The control-card sequence and

layout are as follows:

Card Card
Number Name Columns Units Description

1 ID 1-4 = Four-character identifier

1 XLABL 5-40 o= Thirty-six-character identifier

2 TAUID 1-10 day Day to start Brasltind s

2 TAUIH 11-20 hour Hour to start; e e

2 TRST 21-30 - Output-tape control parameter} see re-
start

2 TERM 31-40 -- Output-tape control parameter procedure

3 TAUO 1-10 == Not used

3 TAUD 11-20 hour Frequency to recompute solar

declination
3 TAUH 21-30 hour Frequency to write history-restart
tape

3 TAUE 31-40 day Time to stop computation

3 TAUC 41-50 - Not used

4 DTM 1-10 min Time step

4 NCYCLE 11-15 IS(l) Time extrapolation control parameter

4 NC3 16-20 180 Frequency to call COMP 4 and coMP 3

5 JM 1-5 -- Number of N-S grid points (in n grid)

5 IM 6-10 - Number of E-W grid points (in = grid)

5 DLAT 11-20 deg Distance between N-S grid points

6 AX 1-10 - Diffusion coefficient (not used)

(1)

The IS unit is one integration time step.
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Card Card
Number Name Columns Units
7 MX =16 10 “sec -
7 ED 11-20 m
7 TCNV 21-30 sec
8 RAD 1-10 km
8 GRAV 11-20 m sec
8 DAY 21-30 hour
9 RGAS  1-10 nmldegl,
sec
9 KAPA 11-20 -
10 PSL 1-10 mb
10 PTRgP 11-20 mb
11 PSF 1-10 mbh
12 DLIC 1-10 -
13 KSET 1-10 _
14 MARK 1-3 -
15-376  Topography Deck --
377 CLKSW 1-4 -
377 RSETSW 11-14 --
377 LDAY 21-23 day
377 LYR 31-34 year

Description

Shear-stress coefficient

Constant used in air/ground
interaction

Relaxation time for cumulus con-
vection

Earth radius, a
Gravitational acceleration, g
Length of day

Gas constant, R

Thermodynamic coefficient, «
Sea-level pressure
Tropospheric pressure, Pr
Surface pressure, Py

Not used

Not used

Flag indicating presence of topog-
raphy deck (sea-surface temper-
ature and land elevation) and
number of sets of cards to be
read. In 46-by-72 grid version,
MARK = 72,

see description below.

If the characters @FF are puached
in columns 1 to 3 with coiumn 4
blank, the solar declination will
remain fixed.

If the characters RESE are punched
in columns 1 to 4, the day and
year counters (SDEDY and SDEYR)
will be set to LDAY and LYR,

Day of year if time is reset

Year if time is reset

The topography deck is read only if MARK # 0. The deck contains

2 + 5 + MARK cards and is read in subroutine INIT 2. The topography

deck card layout is as follows:



Number

of Cards

3-MARK

2*MARK

Name

TEMSCL

Sea-surface
temperature

HSCL

Land
elevation
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Descrigtion

Four characters in columns 1 to 4. Indicates

temperature scale of sea-surface tempera-
ture: FAHR = Fahrenheit, CENT = centigrade.

'MARK' 1s the number of three-card sets that

define the ocean temperature for each
longitude, beginning at the south pole and
extending north. For the 46-by-72 grid,
the numbers each take four columns (a deci-
mal point is implicit between the third

and fourth columns), with fifteen numbers
on the first and second cards and sixteen
numbers on the third card. The longitude
grid number (1 = 1-72) is 1in columns 79
and 80 of each card of a set, and must be
sequential. Special numbers indicate points
that are not open ocean: -640 for land
without 1ce, and -960 for land ice or sea
ice.

Four characters 1in columns 1 to 4. Indicates

distance scale of land elevation: FEET =
feet/100, METE = meters/10.

'MARK' 1s here the number of two-card sets

that define the land elevation for each
longitude, beginning at the south pole and
extending north. For the 46-by-72 grid,
the numbers each take three columns (a deci-
mal point is implicit following the third
column), with twenty-five numbers on the
first card and twenty-one numbers on the
second card. The longitude grid number

(1 = 1-72) 1s in columns 79 and 80 of

each card of a set, and must be sequential.
The elevations must be in either hundreds
of feet or tens of meters. The entries in
this deck corresponding to sea surface must
be zero or blank.

The principal output of the model {is written on magnetic tape, and

a history-restart tape is written at specified intervals. Eighteen

logical records are written with a frequency of TAUH: TAU and c, P, U,
v, T, Q3, T@PgG, PT, OW, TS, GT, SN, TT, Q3T, Sb, H, TD, -TAU and C.

These arrays contain all constants and current variables, and in addi-

tion, several arrays of packed data generated in subroutine COMP 3, [Note
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that TS is equivalent to UT(1,1,2) and SN is equivalent to VT(1,1,2)

in the data from subroutine COMP 3.]+ In the present version of the
model these records are written on tape every 6 hours (= TAUH). The
last logical record (-TAU,C) is identified as the last record written
on the tape, and will be written over the next time the tape is written;
hence, only seventeen records are saved every TAUH. A test is made
before writing the tape to determine if it is properly positioned.
About sixty sets of seventeen logical records can be saved on a 2400-ft
reel of tape. The automatically printed output consists of the input
parameters, the time at each integration step, and the amount of pres-
sure added at each grid point every twenty-four hours of simulated

time in the subroutine GMP.

2. Map-Generation Program

The map-generation program for use with the model uses about
520,000 bytes of core, and averages about 0.2 seconds of CPU time and
about 5 I/0 requests for each map generated. This program reads the
data produced by the model and processes them to form arrays of data
in map form. The source of the basic data may be tape or disk.

The tape input format is the same as the tape output from the
model: TAU and C, P, U, V, T, Q3, T@¢P@G, PT, GW, TS, GT, SN, TT, Q3T,
SD, H, TD. The first logical record on a disk is always T@PPG, which
does not change during a run. The subsequent logical records for each
time step that was saved are TAU and ¢, P, U, v, T, Q3, PT, GW, TS, GT,
SN, TT, Q3T, SD.

The card input to the map-generation program consists of an in-
terval and data-source control card, followed by as many as ninety-nine
map selection cards. The end of the map selection card deck is indi-
cated by a blank card. The interval and data-source control card con-
tains T# (the time, in days, to start generating the map arrays), TEND
(the time, in days, to stop generating the map arrays), and TAPIN (the

data-source indicator). The card layout is as follows:

1

"Some arrays may be referred to by different names. For example,
Q(J,I,K) contains m, Ul, U3, V1, V3, T1, T3, and Q3 for K = 1 through
8. See the common and equivalence block in Chapter VII for more detail.
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Card
Parameter Columns
™ 1-10
TEND 11-20
TAPIN 21-24

The desired maps will be generated for TP, TEND, and for each inter-
mediate time available from the data source. If the characters TAPE
are punched in columns 21 to 24 (TAPIN), the data source is a tape;
otherwise the source is assumed to be a disk.

The map selection cards contain MAPNP (the map number) and SURF
(the o surface, < 2.0, or the pressure level, in millibars, at which

the map is to be calculated). The card layout is as follows:

Card
Parameter Columns
MAPN@ 1-2
SURF 3-12

Some values of SURF are not valid for certain maps, and in some cases

the following convention has been used:

topography maps: SURF < 2.0 for ocean temperature
SURF 2 2.0 for surface elevation
cloudiness maps: SURF < 0.5 for high cloudiness
SURF = 1.0 for low cloudiness
0.5 < SURF # 1.0 for middle cloudiness
SURF > 1.0 for cloudiness (maximum)

The processed data representing each requested map array are
written on tape along with various other data, and the tape may be
used for further processing and map displ.ys. The map array is dimen-
sioned (M, IM), where JM is the total number of north/south grid points
and IM is the total number of east/west grid points. One logical
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record 1s written for each map, and contains the following data:

Name and

Dimension Description

TAU (1) Time in hours

ID (1) Four-character identification from the model

MAPNG (1) Map number

NAME (13) Map title

SURF (1) Sigma surface or pressure level for which the map
is generated

STAGI (1)} Logical variables indicating whether the maps are

STAGJ (1) staggered (offset) in the I and J directions

SINT (1) Not used in the present version

WORK2 (JM, IM) Map array

M (JM) Zonal mean

ZM2 (JM) Zonal mean, excluding points on land or ice

MM (1) Global mean

The printed output consists of the input parameters, along with the map
time, number, surface or level, and map title of each record as written

on the tape.

B. SAMPLE MODEL OUTPUT

1. Maps of Selected Variavles

To i1llustrate the general nature and structure of the solutions
of the circulation model, a series of programmed map outputs for
selected variables has been developed (sce Map Routine Listing in
Chapter VII). Presented here are samples of this output for the pri-
mary dependent variables Pgs Ypo Ugs Vs vj, Tl‘ T3, and q3 (as repre-
sented by the relative humidity), and for the geopotential heights.

A selection of variables related to the heat and water balance in the
model layers and at the surface is also given. These data are for

day 400 (28 January, hour O GMT) of a basfc or control simulation of
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northern-hemisphere winter, with the program as listed in Chapter VII
and with the fixed sea-surface temperature and ice distributions as
shown in Chapter III.

For each of the maps shown below, a brief identification and
description of the mapped quantity is given on the facing page, while
the values of the minimum and dashed isolines and of the isoline inter-
val are given at the upper right of each map's label. The symbols H
and L designate locations of local maxima and minima, respectively,
that are not resolved by the selected isoline interval. A rectangular
map representation of the spherical grid has been used for convenience,
with the points of the n grid and continental outlines shown as in
Fig. 3.12. For each map the designation S/P denotes the o level of
the map, with S/P = 1 for those maps without a level designation as
well as for the surface. The velocity, temperature, and geopotential
heights may be generated for any 0 < 0 <1 by extrapoiation and in-
terpolation from the solutions at o = 1/4 and ¢ = 3/4, and may also
be displayed for any pressure surface Pp <P <P (see Map Routine
Listing, Chapter VII). The complete list of available maps is given
in Chapter VII just before the map code listings

Those maps listed in Table 4.1 are given in o coordinates, with
the exception of the geopotential height in Map 6, which is given for

both o and p surfaces.
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Table 4.1

LIST OF MAPS OF SELECTED VARIABLES

Map Title
1 Smoothed sea-level pressure (o = 1)
2 Zonal (west/east) wind component (o = 1/4, 3/4)
3 Meridional (south/north) wind component (o = 1/4, 3/4)
4 Temperature (o = 1/4, 3/4)
6 Geopotential height (o = 1/4, 3/4; p = 400, 800 mb)
8 Total diabatic heating (o = 1/4, 3/4)
9 Large-scale precipitation rate
10 Sigma vertical velocity (o = 1/2)
11 Relative humidity (o = 3/4)
12 Precipitable water
13 Convective precipitation rate
14 Evaporation rate (o = 1)
15 Sensible heat flux (o = 1)
16 Lowest-level convection (o = 1)
19 Long-wave heating in layers (c = 0 to 1/2, 0 = 1/2 to 1)
20 Short-wave absorption (heating) in layers (c = 0 to 1/2,
o=1/2 to 1)
22 Surface short-wave absorption (o = 1)
23 Surface air temperature (o = 1)
24 Ground temperature (o = 1)
25 Ground wetness (o = 1)
26 Cloudiness (high, middle, low)
28 Total convective heating in layers (c = 0 to 1/2,
o=1/2 to 1)
29 Latent heating (o = 1/2 to 1)
30 Surface long-wave cooling (¢ = 1)

31 Surface heat balance (o = 1)
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Fig. 4.1. Smoothed Sea-Level Pressure (Map 1)

(mb - 1000 mb)

This map is calculated from the expression

A
P, exp| — ]} - 1000 mb
? RT

where Pg is the surface pressure, ¢4 is the geopotential at the ground,
R is the dry-air gas constant, and T is the average temperature between

level 4 and sea level, given by

Here T4 = % T3 = % T1 is the air temperature extrapolated to the sur-

face, g is acceleration of gravity, and y is an assumed constant lapse
rate in the hypothetical layer between the earth's surface and sea level,
taken here as y = 0.6 deg C/100 m. The resulting sea-level pressures

are then averaged over the local 9 points at which pressure is computed.

At nonpolar points this smoothing operator is

1

(o0, smoothed = 1§ [( )22 20,

*O)gp ¥ 20) 50 + 40050 + 20 )y,

* O 2005, )y

where the subscripts (in n-centered notation) refer to adjacent poiants

of the n grid (see Fig. 3.6).
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Fig. 4.2. Zonal (West/East) Wind Component (Map 2)

(m sec-l)

This map is calculated from the expression

with 0 < 0 £ 1 an arbitrary o surface. For ¢ = 1/4 and 0 = 3/4 this
reduces to the primary variables uy and ug, respectively, and for other
0 represents a linear extrapolation and interpolation of u in o (or p)
space. The zonal wind component may also be generated for an arbitrary
pressure surface p, in which case o in the above expression is replaced
by (p - pT)/(nu), where m” is the average of m at the four n points
surrounding each u,v point. The symbols E and W designate locations

of local maxima of positive (eastward) and negative (westward) zonal
wind speed, respectively, which are not resolved by the selected isoline

interval.

Level shown in map at right: o = 1/4,
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Fig. 4.3. Zonal (West/East) Wind Component (Map 2)

(m sec )

This map 1s calculated from the expression

on2u(o-3) +u(2-0))

with 0 < 0 <1 an arbitrary o surface. For o = 1/4 and g = 3/4, this
reduces to the primary variables uy and Uq, respectively, and for

other ¢ represents a linear extrapolation and interpolation of u in

o (or p) space. The zonal wind component may also be generated for

an arbitrary pressure surface p, in which case ¢ in the above expres-
sion is replaced by (p - pT)/(nu), where 1" is the average of 71 at the
four m points surrounding each u,v point. The symbols E and W designate
locations of local maxima of positive (eastward) and negative (westward)
zonal wind speed, respectively, which are not resolved by the selected

isoline interval.

Level shown in map at right: o = 3/4,
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1 (u) wind speed at -
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Fig. 4.4. Meridional (South/North) Wind Component (Map 3)

(m sec-l)

The map 1is calculated from the expression

V.Z[VB(O-%)Hl(g-o)]

with 0 €0 <1 an arbitrary o surface. For g = 1/4 and o = 3/4, this
reduces to the primary var{ables Vi and Vys respectively, and for
other o represents a linear extrapolation and interpolation of v in

o (or p) space. The meridional wind component may also be generated
for an arbitrary pressure surface p, in which case ¢ in the above
expression is replaced by (p - pT)/(nu), where 1 is the average of

m at the four 7 points surrounding each u,v point. The symbols N and
S designate locations of local maxima of positive (northward) and
negative (southward) meridional wind speed, respectively, which are

not resolved by the selected isoline interval.

Level shown in map at right: ¢ = 1/4.



i
|
)
k|
i -
|
W

o
LS

! '\.LL.#' . -
(haha g G
: 4 x

10.

=
l"“h.._ - S - .

-50 .

-70.

s,

F.?
- '.'E“"‘ .

o "
i ¥
8
-, T '
. -

The dashed line is 0 and the isoline interval

Meridional (v) wind speed at o = 1/4.

is 5 m sec”!.

Fig. 4.4 —-



-150-

Fig., 4.5. Meridional (South/North) Wind Component (Map 3)

(m sec_l)

This map is calculated from the expression

with 0 £ 0 <1 an arbitrary o surface. For o = 1/4 and 0 = 3/4, this
reduces to the primary variables vy and Va3 respectively, and for
other ¢ represents a linear extrapolation and interpolation of v in

o (or p) space. The meridional wind component may also be generated
for an arbitrary pressure surface p, in which case o in the above
expression is replaced by (p - pT)/(nu), where 1" is the average of 1
at the four 7 points surrounding each u,v point. The symbols N and S
designate locations of local maxima of positive (northward) and nega-
tive (southward) meridional wind speed, respectively, which are not

resolved by the selected isoline interval,

Level shown in map at right: o = 3/4.
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Fig., 4.6. Temperature (Map 4)

(deg C)

This map is calculated from the expression

K
(om + pT) Tl

K K
T {x [Py - Gm+pp)]
Py = Py Py

T
3 K K
+— Lom+p)" - py] 0 - 273.1 deg

Pq

with 0 < 0 < 1 an arbitrary o surface. This represents the linear
interpolation and extrapolation of the potential temperature

0= T(po/p)K in p( space. For o = 1/4 and 0 = 3/4, this reduces to
the primary variables T1 and T3' respectively. Here Pr is the tropo-
pause pressure (= 200 mb) and x = 0.286. The temperature may also be
obtained at an arbitrary pressure surface Pp<ps= Py = " + Pr by
replacing (on + pT) in the above expression by p.

Level shown in map at right: o = 1/4.
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Fig. 4.7. Temperature (Map 4)

(deg C)

This map is calculated from the expression

(om + p.r)'< T

1 « K
R Rl LI GRS S o
Py -~ Py P
T3 K K
+ ;: [(om + PT) - p1] - 273.1 deg
3

with 0 £ 0 < 1 an arbitrary o surface. This represents the linear
interpolation and extrapolation of the potential temperature

0 = T(po/p)‘< in p( space. For 0 = 1/4 and o = 3/4, this reduces to
the primary variables Tl and T3, respectively, Here Pr is the tropo-
pause pressure (= 200 mh), and « = 0,286, The temperature may also
be obtained at an arbitrary pressure surface PpsPsp, =7 + Pr by

replacing (on + pT) in the above expression by p.

Level shown {n map at ripght: o = 3/4,
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Fig. 4.8. Geopotential Height of o Surface (Map 6)

(100 m)

This map is calculated from the expression

b+ 9,

102 g

Z =

where ¢4 is the geopotential of the earth's surface, g 1s the accelera-

tion of gravity, and where the geopotential ¢ of an arbitrary ¢ surface

is given by

2x 2k K_K K K 2k
R ‘ P, -~ Pp P3_~ Py * 2pyPy - 4@om + p)ipg + 2(om + p,)
¢=E T +
o

K K K

2x 2x K_K K_K 2x
LB [ Py = Pp Py ~ Py = 2p Py * 4(om+ pp)p) - 2(om + py) ] )
3

|

K K K
2Kp3(p3 = pl)

Here Pr is the tropopause pressure (= 200 mb), « = 0,286, and R is the
dry-air gas constant. For ¢ = 1/4 and g = 3/4, this reduces to ¢1 and
¢3, respectively, while for other o it represents a linear interpolation
and extrapolation of the potential temperature in pK space. The geo-
potential height of an arbitrary pressure surface Ppspsm+ Py may

also be obtained by replacing (ow + pT) in the above expression by p
(see Figs. 4.8a and 4.9a).

Level shown in map at right: o = 1/4.
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Fig. 4.8a., Geopotential Height of Pressure Surface (Map 6)

(100 m)
This map is calculated from the expression

b+ 9,
Z s ———

102 g
where ¢4 is the geopotential of the earth's surface, g is the accelera-

tion of gravity, and where the geopotential ¢ of an arbitrary p surface

is given by

2k 2k K_K K_K 2x
‘ [ P; = Pp P3 ~P; *+2piPy - 4ppy+ 2p ]
1

2Kp§(p§ = p;)

_ 2K _ 2 -9 K K ad K K _ 9 2K I
[ P3 pT P3 pl p1p3 p pl p ]
+ T3

$

P Ko K K
3 2kp4(p, py)

Here Py is the tropopause pressure (= 200 mb), k = 0.286, and R is the
dry-air gas constant, For P=0P and p = P3s this reduces to the height
of the 400-mb and 800-mb surfaces, respectively, while for other p it
represents a linear interpolation and extrapolation of the potential
temperature in pK space. The geopotential height of an arbitrary

o surface 0 < 0 < 1 may also be obtained by replacing p in the above

expression by (orm + pT) (see Figs. 4.8 and 4.9).

Level shown in map at right: p = 400 mb.



is 7000 m and the isoline interval

= 400 mb. The dashed line

is 100 r:.
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Fig. 9. Geopotential Height of o Surface (Map 6)

(100 m)

This map is calculated from the expression

$ + %,
z s —
102 g

where ¢4 1s the geopotential of the earth's surface, g is the accelera-

tion of gravity, and where the geopotential ¢ of an arbitrary ¢ surface

is given by
2¢ 2¢ K_K K K 2x
R ‘ Py ~ Pp P3 ~ Py *2pypy - 4(om + pr)p,y + 2(om 4 Pp)
¢ =3 T +
2 1 Py 2% K( K K)
Pl P3 Pl

2k 2¢ K K K K 2¢
p3 = pT P3 - pl - 2P1P3 + 4(0" + PT) Pl = 2(0" + PT) ] '

$

K K K
2Kp3(p3 - pl)

Here Pr 1s the tropopause pressure (= 200 mb), k = 0.286, and R is the
dry-air gas constant. For 0 = 1/4 and g = 3/4, this reduces to ¢l and
¢3, respectively, while for other o it represents a linear interpo-
lation and extrapolation of the potential temperature in p'< space.

The geopotential height of an arbitrary pressure surface PpspsT+ Pr
may also be obtained by replacing (o7 + pT) in the above expression by

P (see Figs. 4.8a and 4.9a).

Level shown in map at right: o = 3/4.
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Fig. 4.9a. Geopotential Height of Pressure Surface (Map 6)

(100 m)

This map is calculated from the expression

b+ 0,

z = —

102 g

where ¢, is the geopotential of the earth's surface, g is the accelera-
4

tion of gravity, and where the geopotential ¢ of an arbitrary p surface

is given by
2K 2¢ K K K K 2¢
A I I R R
¢ =< T +
2 l 1 Py 26p% (p" - Ky
P1%P3 = Py
2k 2k K K K K 2x
+ p3 - PT P3 = pl I~ 2P1P3 + 4P pl _ 2p '
T3 P * K, K K ‘

Here Pr is the tropopause pressure (= 200 mb), x = 0.286, and R is the
dry-air gas constant. For P=p and p = Pys this reduces to the
height of the 400-mb and 800-mb surfaces, respectively, while for
other p it represents a linear interpolation and extrapolation of the
potential temperature in pK space. The geopotential height of an
arbitrary ¢ surface 0 < o < 1 may also be obtained by replacing p in

the above expression by (om + pT) (see Figs. 4.8 and 4.9).

Level shown in map at right: P = 800 mb.
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Fig, 4.10. Total Heating (Map 8)

(deg day™)
This map is calculated from the expression
3 1
H=2[8,@ - o) +Hyo - Dss
where H1 and H3 are the net temperature changes in the upper and lower layers,

respectively, over a time interval 5At (the time interval over which the heat-

ing is calculated by means of the subroutine COMP 3). Here

A, + R, - R
H = (AT)  + (AT)  + < 1 cz 0 %ﬁi—8>
oM cp :
A, + R, - R, + F4
) L 3P R Rt g
Hy= (4T + (T s PREC + ( : = 48>

where (ATl) and (ATl)CP are the temperature changes (over 5At) due to middle-
level and penetrating convective heating in the upper layer, respectively [with
(AT3)CM and (AT3)CP similarly defined for the lower layer], Al and A3 are the
net rates of short-wave radiant-energy absorption in the two layers, RO, Rz,
and R4 are the upward long-wave radiative flux at each level, F4 ig the upward
flux of gensible heat from the surface, L i3 the latent heat of condensation,
and PREC is the large-scale condensation or precipitation rate. The factor
(2g/1r)_1 represents the mass in each layer (per unit area), and the factor 48
(the number of times in a day the heating is calculated) converts to the de-
sired units (see Chapter II, Sections F and G, and instructions 11410 to 11490,
COMP 3, for further details).

For o = 1/4 and o = 3/4, this expression reduces to the net heat~induced
temperature changes in the upper and lower layers, Hl and H3, respectively.
For other 0 < ¢ < 1 it represents the assignment of the layer's temperature
change to its midpoint, and the subsequent linear interpolation and extrapola-
tion in o (or p) space. This representation of the diabatic heating may also
be generated for an arb’trary pressure, P, by replacing o in the above expres-

sion by (p - pT)/n.

Level shown in map at right: ¢ = 1/4,
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Fig. 4.11. Total Heating (Map 8)

(deg day™")
This map is calculated from the expression
3 1
H=2 “1(2 ~0) + H3(o - 4) 48
where Hl and H3 are the net temperature changes in the upper and lower layers,

respectively, over a time interval 5At (the time interval over which the heat-

ing is calculated by means of the subroutine COMP 3). Here

aLI;J
P~

A. + R, - R
Hy = (8T)  + (T + < 1 cz 0 l§>
CM cp P

H, = (AT,) + (AT
3 3CM 3CP P

3

c 48
p

AL+ R, - R, + F4
) +%"PREC+< 2 l—)
where (ATl) and (ATI) are the temperature changes (over 5At) due to middle-
level and penetrating cggvective heating in the upper layer, respectively [with
(AT3) and (AT3) similarly defined for the lower layer], A, and A, are the
CM

1 3
cp
net rates of short-wave radiant-energy absorption in the two layers,

RO’ RZ’

and R4 are the upward long-wave radiative flux at each level, F4 is the upward
flux of sensible heat from the surface, L is the latent heat of condenstion,

and PREC is the large-scale condensation or precipitation rate. The factor
(Zg/w)-1 represents the mass in each layer (per unit area), and the factor 48
(the number of times in a day the heating is calculated) converts to the desired
units (see Chapter II, Sections F and G, and instructions 11410 to 11490, COMP 3,
for further details).

For 0 = 1/4 and 0 = 3/4, this expression reduces to the net heat-induced
temperature changes in the upper and lower layers, Hl and H3, respectively. For
other 0 £ 0 £ 1 {t represents the assignment of the laver's temperature change to
its midpoint, and the subsequent linear interpolation and extrapolation in o

(or p) space. This representation of the diabatic heating may also be generated

for an arbitrary pressure, p, by replacing ¢ in the above expression by (p - pT)/n.

Level shown in map at right: o = 3/4,



-167-

oM Yuileam

_auep fap

driequryp

¢ «1

| UL [

She

T4




-168-

Fig. 4.12. Large-Scale Precipitation Rate (Map 9)

(mm day-l)

This map is calculated from the expression

2
n 10
PREC (28) 48 P

w

where the large-scale precipitation rate (PREC) is taken equal to the
rate of generation of water vapor in excess of saturation (i.e., the

condensation rate) in the lower layer, and is given by

-1
‘ [q3 - qs(T3)l(1 + 73) » Q32 qs(T3)
PREC =
' 0 , otherwise

where q, is the water-vapor mixing ratio at level 3, qs(T3) is the
saturated mixing ratio at the ambient level-3 temperature T3 (sece
Fig. 4.14), and the parameter A qu(T3)(cPT§)-1 5418 deg, with L
the latent heat of condensation and cp the dry-air specific heat at
constant pressure. The factor n/2g represents the mass (per unit area)
in the lower-laver air column (o = 1 tc o = 1/2). The factor 48 (the
ratio of 1 day to 54t) represents t .« umber of times per day the
precipitation (PREC) is computed by mecans of the subroutine COMP 3.
Toguther with the density of water, o, * lg cm-3, the factor 102
converts to the desired units. See Chapter 11, Section F and in-
structions 8610 to 8690, COMP 3, for further details.
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Fig. 4.13. Sigma Vertical Velocity (Map 10)
-1
)

(mb hr

This map 1s calculated from the expression

0 = —
2mn

where ¢ = &2 = do/dt at level 2 and § 1s a measure of the difference in
horizontal mass convergence between levels 1 and 3, given by Eq. (2.34),
Chapter II, as

e e ' avt
éal _1....‘.;-]._...._?1 ) __ul+_v1
2 X ¥ Ix ay

where u* = nru and v* = mmv are weighted mass fluxes at the levels 1

or 3, and n and m are the meridional distance (y) and 20nal distance (x)
between u,v grid points. The sigma vertical velocity may also be written
"0 - on, where w = dp/dt is the isobaric vertical velocity and

* = dp /dt, with Py the surface pressure. See Chapter Il for further
details of S representing an integration of the equation of continuity,
See instructions 4130 to 4550, COMP 1, for further details.
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Fig. 4.14, Relative Humidity (Map 11)

(percent)

This map 1s calculated from the expression

2
a3 10°/q_(1,)

where a4 is the water-vapor mixing ratio at level 3 and qa(T3) is the
saturation mixing ratio at the ambient level-3 air temperature T3.

Here qs(T3) is given by

0.622 es(T
q(T,) = =
8 3 0.1p3 es(T

where P4 is the (total) pressure at level 3, and the saturation vapor
pressure ea(TJ) is given by the semi-empirical formula

eB(T3) = 10 exp(B.40S1 - 2153 deg/TJ)
Both Py and e here are in the units cb (centibar = 10-2 bar = 10 mb),
These relationships permit a supersaturation of a few percent in very
moist air.

All of the atmospheric humidity is carried in the model at level 3
(1.e., q, £ 0), so that Map 11 is always for the level g = 3/4.



Fig. .14 ==
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Fig. 4.15. Precipitable Water (Map 12)

(cm)

This map is calculated from the expression

T 10
q,G=) —
328" o,

where qq the mixing ratio at level 3, is interpreted as the average
mixing ratio between the surface (o = 1) and level 2 (¢ = 1/2), and
where the density of water, Py 1s taken as 1 g cm-3, which together
with the factor 10 serves to give the desired units. The factor

n/2g represents the mass (per unit area) in the lower half of the air
column (¢ = 1 to o = 1/2), and results from the vertical integration

of the water-vapor distribution.
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Fig, 4.16. Convective Precipitation Rate (Map 13)

(mm day-l)
This map 1s calculated from the expression

(aT,) + (AT,) + (AT.) + (AT.)
1 ™ 1 Cp 3 M 3 CP 1 102
L/c (g 98 5=
P 8 w

where (A'I‘l)CM and (ATI)‘ are the temperature changes (over 5At) due
to middle-level and penetrating convective heat transport in the upper
layer, respec:ively [with (A’l’3)CM and (AT3}CP similarly defined for

the lower layer]), L is the latent heat of condensation, cp is the
specific heat at constant pressure, oy lg cm-3 is the density of
water, the factor 7/2g represents the mass in each layer (per unit area),
and the factor 48 (the number of 5At intervals in one day) together with

the factor 102 serves to convert to the desired units. The quantity

(1)) 4+ (aT) + (4T  + (0T |w/e )™ = c1 4+ pe1 + c3 + pe3
oM cp M cp L

in FORTRAN notation, and corresponds to the quantity PREC in Map 9 for
the large-scale precipitation rate.

In the map shown on the right, the convective precipitation rate
has a maximum of approximately 244 mm day-l. This rate, however, lasts
for a relatively short time, and, due to the nature of the computed
convective heating, claracteristically occurs at {solated gprid points.
See {nstructions 8700 to 8890, 9140 to 9390, COMP 3, and Chapter 117,

Subsection F,3, for further details.
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Fig. 4.17. Evaporation Rate (Map 14)
(mm day™?)

This map is calculated from the expression

C.o _
B . 10 DAY = 24 (l? ln + 2.0 m sec 1) WET « q (T )
Pu Pw Sloo S 8
5418.deg qs(T ) 3
+ WET - 5 £ (TGR - T.) - Q4| 10 DAY
2
g

where E4 is the evaporation in g cm-2 sec *, o, is the surface air density,

P = lg cmm3 the density of water, WET a (calculated) ground wetness parameter,
qs(Tg) the saturated mixing ratio at the (computed) ground temperature Tg. TGR a
(computed) ground temperature parameter including the effects of radiation, and Q4

a measure of the mixing ratio at level 4, The surface drap coefficient CD is given

by

jmin [(1.0 + o.o7|Vs|“ ) 1073, o.oozsl ,  if ocean
'00

CD -

l 0.002 + 0,006 (z&/SOOO m) , oOtherwise

with z, the elevation of the surface. lMere lf’ql'w is piven in terms of the wind
speeds at the four velocity points surrounding nogressure (or temperature) point by

the expression (in n-centered notation)

1 i g2 $ 12 312 ¢ 2
- 3 [lvs!11 + |V | + !\s| + l\.|

where Vs = O.7|VA: and 34 = % §3 = % G] (the wind extrapolated to level 4). The
additive term 2.0 m sec™! is an empirical correction for pustiness, and the factors
10, 103, and DAY (= B86,400) convert to the desired mnits,

The term Q4 is interpreted as the effective moisture just above the surface,
and the terms in WET represent the effective surface molsture. The entire temm
in [ ]} thus represents the vertical mofsture sradient near the earth's surface.
As shown in the map on the ripght, most of the evaporation eccurs over the ocean
(where the term (TGR - Tg) is zero], although the evaporation is occasfonally
negative elsewhere (representing condensation in the surface). See instruc-

tions 11220 to 11291, COMP 3, and Chapter II, Subsection F.6, for further details.
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Fig. 4.18. Sensible Heat Flux (Map 15)

(10 1y day™})

This map is calculated from the expression
> m -1
P4, (!vsloo + 2.0 m sec ) (T, - T,) 10 DAY

where Py is the surface air density, cp the specific heat at constant
pressure, T8 the (computed) ground temperature (or an assigned ice or
ocean surface temperature), and T4 is the air surface temperature.

The surface drag coefficient CD is given by

‘ min [(1.0 + o.07’Vs," ) 1073, o.oozs], 1f ocean
) 00

C
g I 0.002 + 0.006(24/5000 m), otherwise

with z, the elevation of the surface. Here ,Vs," is given in terms
00

of the wind speeds at the four velocity points surrounding a pressure

(or temperature) point by the expression (in n-centered notation)

L (R AR R

-»

where Vs - 0.7|34| and V % 33 - % Y (the wind extrapolated to

4
level 4), The additive term 2.0 m e;ec.1 is an empirical correction
for gustiness, and the factor 10 DAY (= 10 » 86,400) converts to the
desired units. The sensible heat flux (F4 in the FORTRAN code) is
positive when ground temperature is greater than surface air tempera-
ture (T8 > Ta). representing a heat flux from the ground to the air,
As shown in the map on the right, however, this flux is often nega-
tive. See instructions 11220 to 11290, COMP 3, and Chapter 11, Sub-
section G.3, for further details.
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Fig., 4.18a. Lowest-Level Convection (Map 16)

(deg)

This map is calculated from the expression

if h, > h and h, <h

0 , otherwise

where the static-energy parameters are given by

¢

* 1. L

hy =Ty + T+ o 9, (1)
p %
¢

_ 3,.L

by vy i Gy thoy 95
p %
¢

* 3

hy = Ty + 2=+ T 4 (Ty)
p %

- L

hA‘T4+cpq4

where ¢ = gz 1s the geopotential and qq is the saturation mixing ratio.

*
The condition hé > h3 thus ensures instability between levels 4 and 3,

*
while the condition h3 < h1 ensures stability between levels 3 and 1

(i.e., there 1s no middle-level convection). Hence EX 2 0, and repre-
sents the adjustment of the level-4 temperature due to convection. If

*
h& < h1 the computed value of EX is regarded as due to low-level con-

vection, and is used to modify both the lowest-level temperature (T4)
*
and lowest-level heating (Q4). If h4 2 h1 the computed value of EX is

regarded ~s due to penetrating convection, and is used to modify not
only Té and Q4 but the heating in the upper and lower layer as well.
See Chapter II, Subsection F.3, and instructions 8700 to 9350, COMP 3,

for further details.
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Fig. 4.19. Long-Wave Heating in Layers (Map 19)

(deg day ™)

This map is calculated from the expressions

(R2 - RO)(%E) }:— 1f 0<ou<0.5
P

(R4 - Rz)(%ﬁ) ;1:— 1f 0.5<0<1
P

for an arbitrary o surface, where RO, R2, R4 are the upward long-wave
radiation fluxes at the levels o = 0, 1/2, 1, respectively. The dif-
ference (R2 - RO) is thus the net long-wave radiation absorbed in the
upper layer 0 = 0 to 0 = 1/2, and (R4 - R2) 1is the net long-wave radia-
tion absorbed in the lower layer o = 1/2 to ¢ = 1. Usually this heat-
ing is negative, representing a net lcng-wave cooling. The factor
(Zg/'n)_1 represents the air mass in either the upper or lower layer
(per unit area), and cp is the air's specific heat at constant pres-
sure. Thus, depending upon whether o < 1/2 or o > 1/2, either one of
two versions of this map is produced. See Chapter II, Section G, and

instructions 9750 to 10230, COMP 3, for further details.

Layer shown in map at right: upper layer.
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Fig. 4.20. Long-Wave Heating in Layers (Map 19)

(deg day 1)

This map is calculated from the expressions

(R2 - RO)(%&) %— 1f  0s<o<0.5
p

(R4 - RZ)C%E) %— 1f 0.5<0<1
p

for an arbitrary o surface, where RO, R2, R4 are the upward long-wave
radiation fluxes at the levels ¢ = 0, 1/2, 1, respectively. The dif-
ference (R2 - RO) 1is thus the net long-wave radiation absorbed in the
upper layer 0 = 0 to o = 1/2, and (R4 - R2) is the net long-wave radia-
tion absorbed in the lower layer ¢ = 1/2 to ¢ = 1. Usually this heat-
ing is negative, representing a net long-wave cooling. The factor
(Zg/vr)_1 represents the air mass in either the upper or lower layer
(per unit area), and cp is the air's specific heat at constant pres-
sure. Thus, depending upon whether ¢ < 1/2 or ¢ > 1/2, either one of
two versions of this map is produced. See Chapter II, Section G, and

instructions 9750 to 10230, COMP 3, for further details.

Layer shown in map at right: lower layer.
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Fig. 4.21. Short-Wave Absorption (Heating} in Layers (Map 20)

(deg day™!)

This map is calculated from the expressions

2g, 1

Al(Tr )-E— if 0 <0x<0.5
28y 1

A3(TT ) z if 0.5<o0x<1

if the cosine of the sun's zenith angle exceeds 0.0l1. These expres-
sions are replaced by zero if the cosine of the sun's zenith angle is
are the absorbed short-

3
wave radiation in the upper layer (c = 0 to o = 1/2) and lower layer

less than or equal to 0.01. Here Al and A

(0 = 1/2 to 0 = 1), respectively, the factor (Zg/ﬂ)—1 represents the
mass (per unit area) in each layer, and cp is the specific heat at
constant pressure. Thus, depending upon whether the arbitrary value
of 0 18 < 1/2 or > 1/2, either one of two versions of this map is
produced. The value of A1 is the difference between the incoming so-
lar radiation (that part subject to absorption) at the level o = 0
and the downward short-wave flux at the level 0 = 1/2, Similarly, A3
is the difference between the downward fluxes at the levels o = 1/2
and 0 = 1, In either version, the short-wave absorption is always
positive (or zero) and represents the net short-wave heating within
the layers. See Chapter IT, Section G, and instructions 10430 to

11010, COMP 3, for further details.

Layer shown in map at right: wupper layer.
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Fig. 4,22, Short-Wave Absorption (Heating) in Layers (Map 20)

(deg day™d)

This map is calculated from the expressions

1'n c
28y 1
A3(7r)c if 0.5<0<1

if the cosine of the sun's zenith angle exceeds 0.01., These expres-
sions are replaced by zero if the cosine of the sun's zenith angle is
less than or equal to 0.01. Here A1 and A3 are the absorbed short-
wave radiation in the upper layer (0 = 0 to 0 = 1/2) and lower layer
(c =1/2 too = 1), respectively, the factor (Zg/-rr)"l represents the
mass (per unit area) in each layer, and cp is the specific heat at
constant pressure. Thus, depending upon whether the arbitrary value
of 0 is £ 1/2 or > 1/2, either one of two versions of this map is
produced. The value of A1 is the difference between the incoming so-
lar radiation (that Part subject to absorption) at the level g = 0
and the downward short-wave flux at the level o = 1/2. Similarly, A3
1s the difference between the downward fluxes at the levels o = 1/2
and 0 = 1. 1In either version, the short-wave absorption is always
positive (or zero) and represents the net short-wave heating within
the layers. See Chapter II, Section G, and instructions 10430 to
11010, COMP 3, for further details,

Layer shown in map at right: lower layer.
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Fig. 4.23. Surface Short-Wave Absorption (Map 22)

(100 1y day'l)

This map is calculated from the expression
$4/100

i1f the cosine of the sun's zenith angle is greater than 0.0l1, and is
set equal to zero if the cosine of the sun's zenith angle is less than
or equal to 0,01, Here S4 1s the short-wave radiation absorbed at the
surface (or level 4). The effects of surface albedo, atmospheric mois-
ture, and cloudiness are taken into account. The surface short-wave
heating 1s always positive (or zero), and represents the net absorption
of insolation at the surface. See Chapter II, Section G, and instruc-

tions 10430 to 11010, COMP 3, for further details.
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Fig., 4.24. Surface Air Temperature (Map 23)

(deg C)

This map is calculated from the expression

T, - 273.1 deg

where T& 1s the air temperature at the surface (level 4). Since TA’
like other dependent temperature variables, is in deg K, this expres-
sion serves simply to convert the surface air temperature into the
units deg C. The value of TA resembles the extrapolated value

% T3 - % T1 (where T3 and T1 are the air temperatures at levels 3
and 1, respectively), but also incorporates the surface air tempera-
ture adjustments introduced by low-level convection and latent heat-

ing. See Chapter II, Section G, and instructions 8970 to 9130 in sub-

routine COMP 3 for further details.
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Fig. 4.25. Ground Temperature (Map 24)

(deg C)

This map is calculated from the ground-temperature (Tgr) depen-
dence of the terms in the surface heat-balance equation, assuming the

ground to be a perfect insulator of zero heat capacity:

R4 +T + HE = Sg = {

4
g)'

Here the surface long-wave cooling R4 is given by id + U(T:r -T
the surface sensible heat flux T by CF(Tgr - Td)' the latent heat flux
from surface evaporation HE by CF(qse - qa)L/cp, and Sg 1s the solar
radiation absorbed at the surface. Here ﬁd is a preliminary deter-
mination of the surface long-wave cooling, and Tgr is a revised or im-
proved value of the ground temperature Tg' For further details, see
Chapter II, Subsection G.3.

Over 1ce- or snow-covered land and over sea ice, Tgr is not al-
lowed to exceed To(= 273.1°K). Over sea ice this balance is altered
to include a heat flux into the sea ice given by -B(Tgr - To), where
B is an assumed ice conduction coefficient. Over open ocean the ground
temperature Tgr is taken equal to the assigned sea-surface temperature
Tg = TGOO (see Fig. 3.14), and there is thus no ground-temperature cor-

rection to either the surface long-wave radiation (R4 = §4) or to the

surface saturated mixing ratio (qSe = qs).
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Fig. 4.26. Ground Wetness (Map 25)

(dimensionless)

This map is calculated from the expression GW = 10 WET, where
WET is assigned the value 1.0 (saturated) over ocean, ice, and snow

surfaces, and is calculated over (bare) land surfaces according to

18

1
WET = (GW)new = (GW)old + (1 - runoff)(Aq3) G 25"’

TOTAL

in which the old or previous value of GW is altered according to the

surface water balance. Here (Aq3) = (E ~ C)(2g/n)5At is the

TOTAL

total moisture change (over 5At) including the effects of evaporation

and both large-scale and convective condensation, and GWM is an as-

sumed constant ground-water mass (= 30 g cm_z). The runoff factor

varies between 0 and 1, and is taken as O.S(GW)old if (GW)Old <1

(unsaturated surface), and as unity if (GW)old = 1 (saturated), pro-

vided (Aq3) > 0 in either case. If (Aq3) < 0, representing
TOTAL TOTAL

an increase in level-3 moisture and a decrease of surface moisture,

then the runoff is taken as zero. See Chapter IT, Subsection F.S5,

for further details.

If (GW) < 0 it is set to zero, and if (GW) > 1 it is set

new new

to unity. The resulting wetness is then multiplied by 10 in order to

scale the final GW from 0 to 10.
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Fig. 4.27. High Cloudiness (Map 26)

(dimensionless)

This version of Map 26 1s calculated from the expression

CL1 = min(-1.3 + 2.6RH3, 1)

where RH3 is the level-3 relative humidity (as in Map 11). If CL <0
the sky is assumed to be clear and CL is reset to zero; otherwise (L1
1s taken as the fraction of the sky covered with high or tvpe-1 clouds.
This cloudiness measure may be identified with towering cumulus between
the levels 3 and 1, and is associated with either midd.e-level or pene-
trating convection. If there is no such convection, there is no type-1
or high cloudiness (CL1 = 0), For identification, this cloudiness is
assigned the index ¢ = 1/4 in the map-generating program in Chapter VII,

See Chapter II, Subsection F.6, for further details,
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Fig. 4.28. Middle Cloudiness (Map 26)

(dimensionless)

This version of Map 26 is calculated on the basis of CL2 = 1
if there is large-scale precipitation (and if there is no penetrating
convection or high cloudiness, CL]1 = 0). Under all other conditions
CL2 = 0. Thus this measure of cloudiness is either 0 or 1 at all
points. We may regard CL2 as the fraction of the sky covered by
type-2 clouds, which are identified as heavy overcast between levels 3
and 2, For identification, this cloudiness is assigned the index
g = 3/4 in the map-generating program in Chapter VII. See Chapter II,

Subsection F.6, for further details.
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Fig. 4.29. Low Cloudiness (Map 26)

(dimensionless)

This version of Map 26 is calculated from the expression

CL3 = min(-1.3 + 2.6RH3, 1)

where RH3 is the level-3 relative humidity (as in Map 11). 1If
CL3 5 0 the sky is assumed to be clear and CL3 is reset to zero;
otherwise CL3 is taken as the fraction of the sky covered with low
or type-3 clouds. This cloudiness measure may be identified with
shallow cumulus at level 3, and is associated with low-level con-
vection. If there is no low-level convection, there is no low
cloudiness (CL3 = 0); there is also no low cloudiness if there is
any high cloudiness (as in Fig. 4.27). For identification, this
cloudiness is assigned the index o = 1 in the map-generating pro-

gram in Chapter VII. See Chapter II, Subsection F.6, for further

details.
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Fig, 4.29a. Total Convective Heating in Layers (Map 28)

(deg day™l

This map is calculated from the expression

3 1
2 (AT.) 4+ (AT.) ] (5> -0) + [(AT ) + (AT.,) ](o - —O} 48
{[ 1" oM Viep] s 3 em ep .

where (ATl) and (ATl) are the temperature changes (over 5At) due

CcM CP
to middle-level and penetrating convective heating, respectively, in

the upper layer [with (AT and (AT3) similarly defined for the

)
3 CM (044
lower layer]. The factor 48 converts to the desired units, and the

factor 2 represents (03 -0 -1. For o other than 01(- 1/4) and

v
94 (= 3/4), this map thus generates the convective heating rate by
linear interpolation and extrapolation in ¢ (or p) space. If a

p surface is requested, o in the above expression is replaced by

(r - pT)/w. See Chapter II, Section F, and instructions 11410 to

11490, COMP 3, for further details.

Layer shown in map at right: upper layer.



0 S} auj] paysep ayy -

-Sep 8ap -0 s] [eAsdIU] DujjoOS] Ayl pue
(/1 = 2 01 0 = ) 1aae] 1addn 41 uy Sujleay AATIDAAUOD [¥I0] -- vy 14

~207-




-208-

Fig. 4.29b, Total Convective Heating in Layers (Map 28)

(deg day-l)

This map 1s calculated from the expression
3 1
2 ¢|¢aT,) + (aT,) ] -0)+ [(AT ) + (AT)) ] (o - —)} 48
{[ 1 o™ 1 cP 4 3 o™ 3 P 4

where (A'I'l)CM and (A'I'l)CP are the temperature changes (over 5At) due
to middle-level and penetrating convective heating, respectively, in
the upper layer [with (AT3)CM and (AT3)CP similarly defined for the
lower layer]. The factor 48 converts to the desired units, and the
factor 2 represents (03 - ul)-l. For o other than o, (= 1/4) and

04 (= 3/4), this map thus generates the convective heating rate by
linear interpolation and extrapolation in o (or p) space. If a

p surface 1s requested, o in the above expression is replaced by

( - pT)/w. See Chapter II, Section F, and instructions 11410 to

11490, COMP 3, for further details.

Layer shown in map at right: lower layer.
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Fig. 4.29c. Latent Heating (Map 29)

(deg day-l)

This map is calculated from the expression

L (prec)4s
P
where PREC is the large-scale condensation (or precipitation) rate
(as in Map 9), L 1s the latent heat ef condensation, and cp is the
air's specific heat at constant pressure. The factor 48 converte to
the desired units. This latent heating applies to the lower layer
only, as represented by level 3. See Chapter II, Subsection F.2,

and instructions 8610 to 8690, COMP 3, for further details.



-211-

1-4eP 89p 0°T ST sury paysep ayg

*1-ABp B9p ¢°Q ST TeAI@IUT DuUITOST 23 pue
‘(T = 003 g/T = 0) 194eT 1omoT o2y3 ur urleay JulleT -- dgz Yy I1g




-212-

Fig. 4.30, Surface Long-Wave Cooling (Map 30)

(100 1y day-l)

This map 1s calculated from the expression
R4/100

where R4 1is the net upward long-wave radiation at the earth's sur-
face. See Chapter II, Subsection G.2, and instructions 10430 to

11010, CoMP 3, for further details.
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Fig. 4.31. Surface Heat Balance (Map 31)

(100 1y day b)

This map is calculated from the expression

(S4 - R& - F4)10°2 - (prE4)1o'3

where S4 1s the short-wave radiation absorbed at the surface (as in
Map 22), R4 is the net upward long-wave radiation at the surface (as
in Map 30), F4 is the upward sensible heat flux from the surface (as
in Map 15), and E4 is the heat expended in evaporation from the sur-
face (as in Map 14). Here L is the latent heat of evaporatiom, p
is the density of water, and the factors 10_2 and 10_3 serve to con-
vert to the desired units. A positive balance indicates a net down-
ward energy flux at the surface. Since the ground temperature over
land (and ice) is itself determined from the condition of a zero
surface heat balance, the small but nonzero values for the heat bal-
ance seen here over the continents are the result of the use of
spatially averaged temperatures in those portions of the subroutine
COMP 3 that have been incorporated into the program for Map 30 (see
Map Program Listing, Chapter VII, Section B). This imbalance is here
less than 10 ly/day, or approximately one percent of the separate
heat-balance components. The relatively small heat flux through the
ice at the (fixed) locations of ice-covered ocean has also been ne-
glected in producing this map. See Chapter II, Subsection G.3, for
further details.
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2. Surface-Pressure Sequence

To illustrate the typical time behavior of the circulation simu-
lated by the model, a 10-day sequence of the solution for sea-level
pressure is presented in Fig. 4.32. These maps are from the same con-
trol experiment as those shown in Subsection A.l above, and constitute
a time series starting with Map 1 of Fig. 4.1. These maps show the
Sea-level pressure isolines at 5-mb intervals, with an additive 1000 b
understood. It is characteristic of the model's solutions that the
sea-level pressure distribution maintains a synoptic-like structure as

Successive cyclone families are formed in the middle latitudes.
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Preceding page blank

V. PHYSICS DICTIONARY

PURPOSE

This list of terms permits easy entry into the model's physics
and its numerical procedures without prior knowledge of specific mathe-
matical or FORTRAN symbols. In this sense it complements the list of
symbols and FORTRAN dictionary given in Chapter VIII. This list, of
course, is by no means a complete one, but the authors have included
those terms commonly associated with the numerical simulation of the
general atmospheric circulation. For each term a brief description
(and location) of its treatment in the model is given, together with
any appropriate symbols, values, units, FORTRAN representations, and

program locations,.

LIST OF TERMS

Albedo

The albedo of the earth's surface, ug (ALS), is assumed constant
for tuwp types of surface topography: 0.14 for bare land, 0.07 for
ocean. The albedo of ice and of snow-covered lend varies from about
0.40 to 0.90 and is dependent upon latitude and time of year (see in-
structions 10240 to 10410 in the FORTRAN listing), but does not depend
in the present version upon the simulated circulation. The albedo of
clouds, a, (ALAC), used in the treatment of radiation varies between
0.6 and 0.7, depending upon the simulated clouds (see instructions
7620 to 7640 in the FORTRAN 1isting). The value of the albedo of the
cloudless atmosphere for (Rayleigh) scattering, @ (ALAO, instruction
10450), 1is a function of pressure and solar zenith angle, while for an
overcast sky, a0 it depends upon both a and a, (see instructions
10650, 10750, 10880). See Chapter II, Section G, for further details.

Boundary Conditions

At the earth's surface (0 = 1) and at the assumed isobaric tropo-

pause (0 = 0) the condition & = do/dt = 0 is imposed. This ensures no
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motion th. _gh the surface p = p, at the ground (kinematic boundary
condition), and no motion through the surface P=Pyp (free surface
condition), where Pr (= 200 mb) is the assumed tropopause pressure.
There are no lateral boundary conditions in the global model, although
there are some computational adjustments at the poles (see Chapter III).
Over a water surface (ocean or lake) the surface temperature 1s fixed

at a climatological mean value, whereas over a snow or ice surface (sea
ice or glacier) the surface ground temperature, although in general cal-

culated by the model, is not allowed to warm above 0 deg C.

Clouds

Clouds are simulated in the model both through large-scale con-
densation and through convection. The degree of cloudiness affects
the short-wave radiation by reflection (with an assumed cloud albedo)
and by partial absorption within the cloud by means of a fictitious
water-vapor amount u:. The cloudiness also affects the long-wave ra-
diation balance (see Chapter II and subroutine COMP 3, instructions
9400 to 10230 and 10540 to 11200). The cloudiness parameters CL1,
CL2, and CL3 represent: (1) either penetrating or midlevel convec-
tion, (2) large-scale condensation, and (3) low-level convection, re-
spectively. These are combined into the total or effective cloudiness
measure CL, which is the fraction of sky assumed to be cloud-covered
(0 < CL < 1). The measures CL1 and CL3 also depend upon the humidity
at level 3. See Chapter II, Subsection F.4, for further “v.ails and
Figs. 4.27 to 4.29, Chapter IV, for typical distributions.

Condensation

Large-scale condensation (PREC) occurs mainly as a result of the
lifting of saturated air; the model's only atmospheric moisture, Uys
is at the level o = 3/4 and this is assumed representative of the av-
erage moisture in the layer o = 1/2 to 1. Convective condensation (Cl,
C3, PCl, PC3) is parameterized in both the upper and lower levels, al-
though moisture continues to be carried only at the level 3. Conden-

sation (dew deposit) may also occasionally occur on the surface as
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negative evaporation (E4). Since no cloud liquid-water content is
carried, condensation is equivalent to precipitation in the model (see
subroutine COMP 3, instructions 8620 to 8800, 9140 to 9360). See also
Chapter II, Subsections F.2 and F.3, for further details; and Figs.
4.12 and 4.16, Chapter IV, for typical distributions.

Convection

Low-level convection is simulated under unstable conditions by
altering the surface air temperature (level 4) by an amount necessary
to restore the vertical lapse rate between levels 3 and 4 to a stable
configuration. If the lapse rate between the surface and the upper
level 1 is unstable, a penetrating convective heating is introduced
in the heat budget of both the upper and lower layer, as well as at
the surface, so as to restore stability. See Chapter II, Section F;
and subroutine COMP 3, instructions 8700 to 8880, 8960 to 9390, for
further details.

Convective Adjustment

As a result of advective temperature changes and diabatic heat-
ing at the levels 1 and 3, the vertical temperature lapse rate may
become dry-adiabatically unstable. This is checked in a test for
dry-adiabatic instability every 30 minutes, or every 5 time steps
(before the heating), in subroutine COMP 3 (instructions 8180 to 8320),
wherein the potential temperatures 61 and 63 are both set equal to the
value (T1 + T3)/(p; + p;), if prior to the adjustment 63 > 61. See
Chapter II, Subsection F.1, for further details.

Coriolis Force

The Coriolis force (per unit mass), f = 20 sin ¢, 1s computed for

each latitude by means of a finite-difference approximation to the

3_cos? ¢/3¢p
2 cos ¢

MAGFAC (see instructions 14700 to 14750), wherein F(J) is the Coriolis

parameter. See Chapter III, Subsection C.5, for further details.

equality sin ¢ = - + This is performed in the subroutine
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Diffusion Coefficient

The coefficient of lateral eddy diffusion is set equal to zero
in the present version of the model. However, provision has been made
for including a diffusion of horizontal momentum in the subroutine
COMP 4 (see instructions 12270 to 12680), with horizontal diffusion

coefficients dependent upon the local mesh sizes.

Drag Coefficient

Over the oceans the drag coefficient CD is a function of the sur-
face wind speed, Vs, and 1s given by 1.0 + 0.07[§I)S|10_3 or 0,0025,

whichever is smaller. Over land (and ice or snow) C. is given by

D
0.002 + 0.006(24/5000 m), where z, is the height of the surface. This
is computed as CD in subroutine COMP 3 (see instructions 7910 to 7980).

See Chapter III, Subsection C.10, for further details.

Evaporation

The surface evaporation rate, E, is locally computed every five
time steps over both ocean and land as E4 in the subroutine COMP 3
(see instruction 11240). The evaporation is dependent upon the local
surface wind speed and drag coefficient, the local surface air density
and temperature, and the low-level vertical moisture gradient. The
evaporation distribution is illustrated in Fig. 4.17, Chapter IV. See
Chapter II, Subsection F.4, for further details.

Finite-Difference Grid

The present model's primary or m grid consists of points spaced
5 deg longitude and 4 deg latitude over the globe, and is illustrated
by the symbol (o) in Fig. 3.2. At the set of such points including
the poles (but not the equator) the variables m, T, ¢, and q are de-
termined, while at the set of points 4 deg latitude apart including
the equator (but not the poles) and displaced eastward 2-1/2 deg longi-
tude relative to the n grid, the horizontal speeds u and v are deter-

mined [the u,v grid, illustrated by the symbol (+) in Fig. 3.2]. The
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complete grid therefore consists of 6552 distinct data points at each
of two levels, with additional information stored for the m grid at
the surface. For computational convenience additional subgrids are
defined in Chapter III (see Fig. 3.2).

Friction

The internal frictional force arising from the vertical shear
stress of the horizontal wind between levels 1 and 3 is written
u(V 3)(z1 - 3) (2g/v), where y = 0,44 mb sec is an empirical
siiear-stress coefficient. This frictional force is applied with op-
posite signs in the equations of motion at levels 1 and 3. The fric-
tional force at the earth's surface (which affects level 3 only) is
written CDp V (,V | + G)(2g/7m), where C is the drag coefficient, V
the (extrapolated) surface wind, and G = 2,0 m sec = an empirical
correction for gustiness. These frictional forces are computed every
fifth time step in subroutine COMP 3 (see instructions 11500 to 11620),
See Chapter II, Section E, and Chapter III, Subsection C.10, for fur-
ther details.

Geopotential

The geopotential, ¢, of the sigma surfaces is used in the subrou-
tine COMP 2 to compute a portion of the horizontal pressure gradient
force (see instructions 5210 to 5700). The geopotential computation
is based upon the assumption that the potential temperature is linear
in p space; it is illustrated in Figs. 4.8 and 4. 9, Chapter 1V,

The geopotential of constant-pressure surfaces may also be cal-
culated for interpretive purposes, as shown in Figs. 4.8a and 4.9a,
Chapter 1V,

Grid-Point Separation

The zonal (west/east) distance between grid points, A), is equal to
5 deg longitude (FORTRAN symbol DL@N), for which the actual distance
varies with latitude as given by the map metric m (FORTRAN symbols DXU,
DXP, in Fig. 3.4). The meridional (south/north) distance between grid
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points, A9, is equal to 4 deg latitude (FORTRAN symbol DLAT), with

the equivalent distance given by the map metric n (FORTRAN symbols
DYU, DYP in Fig. 3.3). These variables are computed in the subroutine
MAGFAC (see instructions 14360 to 14850). See Chapter III, Section B,
for further details,

Ground Temperature

The temperature of the ground at the earth's surface (FORTRAN
symbol TG) is computed in subroutine COMP 3 (instructions 11010 to
11200) as a function of the surface radiation balance (short-wave ab-
sorption minus net long-wave emission), evaporation, and vertical
sensible heat flux. This is done under the assumption of no heat
transfer into the ground (zero heat capacity for bare land, snow-
covered land, or ice-covered land). Over an ice-covered ocean the
surface temperature is computed as for bare land, except that heat
flux through the ice is permitted. Ice- and snow-covered surfaces
are not allowed to become warmer than 0 deg C. Over water surfaces
the temperature 1s held at the assigned sea-surface terperature dis-
tribution (FORTRAN symbol TGOO). See Chapter I1, Section G, for fur-
ther details; and Fig. 4.25, Chapter IV, for a typical distribution.

Ground Wetness

The degree of wetness of the ground surface is measured by a di-
mensionless parameter (FORTRAN symbols WET and GW) varying between 0
and 1. This is computed in subroutine COMP 3 (instructions 11280 to
11390) as a function of the surface-moisture budget (precipitation,
evaporation, and runoff). Ice-, snow-, and water-covered surfaces have
a ground-wetness parameter equal to 1 (saturation). See Chapter II,
Subsection F.7, for further details; and Fig, 4.26, Chapter IV, for a
typical distribution.

Heat Balance

A net heating or cooling may occur in either the upper or lower

layers of the model from the absorption of short-wave (solar) radiation,
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net long-wave radiation, the convective heating, and (in the lower
layer only) through large-scale condensation and the surface flux of
sensible heat. The sum of these effects may be termed the heat bal-
ance, which on the long-term average over the global domain should be
approximately zero. At the earth's surface (over bare land or snow=- or
ice-covered land) a heat balance is assumed among the fluxes of short-
and long-wave radiation, the upward sensible heat flux, and the latent

heat used for surface evaporation. This balance ig used to determine

A similar balance ig assumed over ice-covered Ocean surfaces, except
that heat flux through the ice is permitted (snow and ice temperatures
may not exceed 0 deg C). Over water surfaces there is no surface heat
balance in the model because the water's surface temperature is fixed.
The surface heat balance 1s illustrated in Fig. 4.31, Chapter IV. See
Chapter II, Secticn G, for further details.

Heating

Diabatic heating occurs in the upper and lower layers of the model
as a result of the radiation (both short- and long-wave) and the con-
vective heating. 1In the lower layer there is also heating by large-
scale condensation (PREC) and by the vertical (turbulent) flux of
sensible heat (F4). These heat sources are computed every 5 time steps
(= 30 min) 1in subroutine COMP 3 (instructions 11170 to 11310), and are
used to change the temperature at levels 1 and 3. The total heating
(1n layers), surface sensible heat flux, long-wave heating (in layers),
short-wave heating (in layers), surface short-wave absorption, and the
surface long-wave cooling are illustrated in Figs. 4.10 and 4.11, 4.18,
4.19 and 4.20, 4,21 and 4.22, 4.23, and 4.30, respectively, of Chap-
ter IV, See Chapter II, Section G, for further details.

Ice

The distribution of surface ice is prescribed in the present
version of the model, and is shown in Figs. 3.13 and 3.14 for land ice
and sea ice by the overprinted symbol I. The elevation of the land ice
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is also shown in Fig. 3.13, while the sea ice is assumed to be at

sea level. These ice locations are identified in the topography
input deck (T@P@G) in subroutine INIT 2 by the values < -105, with
the amount below -105 equal to the ice surface's elevation above sea
level (in 102 ft). In the computation of the heat balance over sea
ice, the ice is assumed to be 300 cm thick (HICE) and to have a ther-
mal conductivity (CTI) = 0.005 ly em sec-1 deg-l, and 1is not allowed
to be warmer than 0 deg C (TICE). Except for its albedo (and not
being allowed to warm above 0 deg C), land ice is treated in the same

manner as bare land with GW = ],

Long-Wave Radiation

The upward long-wave radiative flux is computed at the tropopause
(RO), at the level 2 (R2), and at the ground (R4), taking into account
the atmospheric emissivity, transmissivity, and the presence of clouds.
This 1s performed every 5 time steps in subroutine COMP 3 (instructions
9750 to 10220, 11040 to 11200). The net fluxes R2 - RO and R4 - R2 con-
tribute to the change of air temperature at levels 1 and 3, while the
surface flux R4 contributes to the change of ground temperature and to
the surface heat balance. These fields are illustrated in Figs. 4,19,
4.20, and 4.30 of Chapter IV. See Chapter IT, Subsection G.2, for fur-
ther details.

Low-Level Convection

The effect of relatively shallow or low-level convection on the
surface temperature and moisture is parameterized in the model in terms
of a generalized convection measure. There 1s no low-level convection
unless the lapse rate is unstable between levels 3 and 4 (as measured
by the temperature parameters HH4 and HH3S). 1In addition, the atmo-
sphere must be stable between levels 1 and 3. Under these conditions
the surface temperature (T4) and moisture (Q4) are adjusted to simu-
late low-level convective transports every 5 time steps in subroutine
COMP 3 (see instructions 8700 to 8790, 9140 to 9350). See Chapter II,
Section F, for further details.
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Middle-Level Convection

This form of convection occurs if the atmosphere is unstable be-
tween levels 1 and 3, and alters the heat and moisture distribution
at these levels, Midlevel clouds will be created if the level-3
relative humidity exceeds 50 percent. See subroutine COMP 3 (instruc-
tions 8810 to 8880) and Chapter 1I, Section F, for further details.

Moisture

The mixing ratio (Q3) is computed at the lower level 3 in the
model at the points of the = grid in the subroutine COMP 1 (instruc-
tions 3520 to 3740), and the moisture sources and sinks due to evap-
oration and condensation are computed every 5 time steps in subroutine
COMP 3 (instructions 8330 to 8450) . The upper model level 1 is con-
sidered dry, and the moisture advections are such that total moisture
1s conserved in the absence of sources and sinks. The surface moisture
balance is computed in subroutine COMP 3 (instructions 8540 to 8590,
8970 to 9120, 11280 to 11410), and includes the effects of evapora-
tion (E4), precipitation (PREC), ground wetness (GW), and runoff. The
moisture distribution is illustrated in the form of the relative hu-
midity at level 3 in Fig. 4.14, Chapter IV, and the total precipitable
water is illustrated in Fig. 4.15, Chapter IV. See Chapter II, Sec-
tion F, and Chapter III, Subsection C.9, for further details.

Momentum Advection

The horizontal advection of momentum is computed in subroutine
COMP 1 (instructions 3750 to 4120) in a way which ensures momentum
conservation and the conservation of kinetic energy and the square of
relative vorticity (in the absence of Sources and sinks). This is
accomplished by keeping track of the momentum fluxes (PU, PV, FLUXU,
FLUXV) between neighboring u,v-grid cells, and with special adjustment
near the poles. The vertical advection of momentum is also computed
in subroutine COMP 1 (instructions 4690 to 4860), and represents a
momentum exchange between levels 1 and 3 through the large-scale ver-
tical velocity (SD). See Chapter III, Subsections C.3 and C.4, for
further details.
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Penetrating Convection

Like low-level convection, penetrating or deep convection is
parameterized by a convection measure. For penetrating convection to
occur, the atmosphere must be unstable between levels 3 and 4 and be-
tween levels 1 and 4, but stable between levels 1 and 3. Under these
conditions the temperatures at levels 1 and 3 are changed to reflect
the vertical convective heat transport (see subroutine COMP 3, in-
structions 8700 to 8790, 9140 to 9350) with the surface temperature
(T4) and moisture (Q4) also changed every 5 time steps. This convec-
tion (PCl, PC3) also contributes to the precipitation, although it is
assumed that no moisture is carried to the upper level 1. See Chap-
ter II, Subsection F.3, for further details.

Potential Temperature

The potential temperature 6 = T(pc‘/p)'< (FORTRAN symbol TETA) is
computed at various levels in the model for use in vertical stability
tests and in the vertical interpolation in p'< space for the tempera-
ture and geopotential heights at ¢ (or p) surfaces. Here P, =
1000 wb and x = 0,286,

Precipitation

The large-scale precipitation rate (PREC) is computed every 5
time steps in the subroutine COMP 3 (instructions 8610 to 8690) as a
result of the indicated supersaturation at level 3. The temperature
at level 3 is also altered by the corresponding release of latent
heat. An additional precipitation rate (CP) is due to middle-level
and penetrative convective processes (Cl, C3, PCl1l, PC3), which also
result in the latent heating of the upper and lower layers (COMP 3,
instructions 9140 to 9320, 11430 to 11480). The large-scale and
convective precipitation rates are illustrated in Figs. 4.12 and 4,16,
Chapter IV. See Chapter II, Subsections F.2 and F.3, for further
details.
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Pressure

The atmospheric pressure (PL) is computed at various levels in
the model at the points of the 7 grid, and is widely used in the nu-
merical integrations (see subroutine COMP 3, instructions 8020 to 8160).
The pressure of the earth's surface, Pg» (FORTRAN symbol P4) is car-
ried as a dependent variable through the parameter m (FORTRAN symbol
P) = P, = Pp» where Pp = 200 mb is the assumed tropopause pressure.
The sea-level pressure (illustrated in Fig. 4.1, Chapter IV) is com-
puted on the basis of an assumed lapse rate of 0.6 deg C/100 m between
the surface and sea level. Other pressure parameters used are an av-
erage surface pressure (PSF = 984 mb), and a reference pressure (PSL =
1000 mb). The surface pressure tendency (FORTRAN symbol PT) is com-
puted each time step in subroutine COMP 1 (instructions 4130 to 4540)

as a result of the solution of the mass-continuity equation.

Pressure-Gradient Force

The pressure force terms in the equations of horizontal motion
are calculated in subroutine COMP 2 (instructions 5210 to 6050) as a
combination of the gradients of the geopotential, ¢, and the surface-
pressure parameter, m. These computations use finite differences cen-
tered at the velocity points and are performed each time step. See

Chapter III, Subsection C.6, for further details.

Radiation

The net radiative flux of both long- and short-wave radiation is
computed for the levels 0, 2, and 4 bounding the upper and lower layers
of the model, as well as at the ground. These fluxes depend upon atmo-
spheric moisture (in the lower layer), cloudiness, scattering, reflec-
tion (from both the earth's surface and from clouds), the solar zenith
angle, and absorption, and are computed every 5 time steps in sub-
routine COMP 3 (instructions ©750 to 11000). The radiation contributes
to the temperature change at levels 1 and 3, as well as to the change

of surface temperature. See Chapter IT, Section G, for further details.
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Sea-Surface Temperature

The temperature at the sea surface is prescribed in the present
version of the model. The data shown in Fig. 3.14, Chapter III, ap-
pProximate the annual mean sea-surface temperature, and have been used
in most applications of the model. Any net energy from the radiation
exchange and the fluxes of latent and sensible heat at the ocean sur-
face 1s absorbed by the sea without changing the surface temperature.
The sea-surface temperature is read by subprogram INIT 2 (instructions
16020 to 16530) as part of the topography data (FORTRAN symbol TG0O),
and may be in either deg C or deg F (but not both).

Sensible Heat Flux

The (turbulent) flux of sensible heat at the earth's surface
(FORTRAN symbol F4) is computed every 5 time steps in subroutine
COMP 3 (instruction 11250) as a function of the surface wind speed
and the low-level vertical temperature gradient (as measured by the
difference between the ground, ocean, or ice temperature and the sur-
face air temperature). This flux is 11lustrated in Fig. 4.18, Chap-
ter IV, and is seen to be frequently negative, representing a sensible
heat flux from the air to the ground. See Chapter II, Subsection G.3,

for further details,

Short-Wave Radiation

The incoming short-wave or solar radiation is partitioned into a
portion subject to scattering Si and a portion subject to absorption
Sg. The latter component may be absorbed in each of the two model
layers, depending upon the moisture and cloudiness, and the net ab-
sorbed short-wave radiation (FORTRAN symbols AS1 and AS3) is deter-
mined every fifth time step in subroutine COMP 3 (instructions 10430
to 11000); this is part of the diabatic temperature change at levels
1l and 3, as illustrated in Map 20, Chapter IV, The short-wave radia-
tion reaching the surface is partly reflected (depending upon the al-
bedo), and partly absorbed. The net surface insolation absorbed

(FORTRAN symbol S4) is 11lustrated in Fig., 4,23, Chapter 1V, and
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contributes to the surface heat balance. See Chapter II, Subsec-

tion G.1, for further details.

Smoothing

There is relatively little explicit smoothing in the present
version of the model, although there is considerable averaging in the
finite-difference formulations. The subroutine AVRX is used to per-
form an effective zonal averaging of certain quantities at higher
latitudes in subroutines COMP 1 and COMP 2. There is also a 9-point
spatial smoothing of the diabatic heating at levels 1 and 3 which 1is
performed in subroutine COMP 3 (instructions 11850 to 12020), and a
similar smoothing of the temperature lapse rate in subroutine COMP 4
(instructions 12700 to 12860). See Chapter III, Section D, for fur-
ther smoothing details, and Subsection C.1 for a discussion of the
subroutine AVRX.

Snow Cover

In the present version of the model the snow cover on the earth's
surface is prescribed. In the northern hemisphere, all land surfaces
(except ice-covered land) north of the latitude defined by the para-
meter SNGWN (see instruction 7460 in subroutine COMP 3) are assumed to
be covered by snow. The southern boundary of this snow line averages
at 60 deg N but varies in time with a period of one year and with an
amplitude of 15 deg latitude, with maximum extent on January 25. 1In
the southern hemisphere, a constant snowline SN@WS (see instruction
7470 in subroutine COMP 3) prescribes snow-covered land south of
60 deg S, but this is overridden in the model's present version, be-
cause all points south of 60 dz3 S are either ocean, sea ice, or land

ice.

Solar Constant

The value of the solar constant is taken to be 2 1y min-l -
2880 1y day—l. This value is modified in subroutine COMP 3 (instruc-

tion 7610) to take account of the seasonal variation of the earth/sun
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distance in the calculation of the FORTRAN variable SO (see instruc-
tion 15520 in subroutine SDET).

Teggetature

The air temperature (T) is computed each time step in the model
for levels 1 and 3 at the points of the n grid, and 1is widely used
in the numerical integration (see instructions 8180 to 8310, subrou-
tine COMP 3). A number of interpolations and extrapolations are made
in pK space for the temperatures and potential temperatures for use
in the radiation and convection calculations. The surface air tem-
perature (T4) is computed as a result of the surface heat and moisture
balance (instructions 8960 to 9120, 9349, subroutine COMP 3), while
the ground temperature itself (TG) is separately computed. The tem-
perature at levels 1 and 3 is illustrated in Figs. 4.6 and 4.7, Chap-
ter IV, and the surface air temperature is illustratec in Fig. 4.24,
Chapter 1V.

Time

Time is measured with respect to hour 0 for midnight at the
Greenwich meridian (0 deg longitude), with day 400 corresponding to
the 28 January declination of the sun.

Time Step
In the main integration of the model, the time step At is 6 min-

utes. The friction, heating, evaporation, and condensation source
terms, however, are computed only every fifth time step (every 30 min-
utes) in the subroutine COMP 3. 1In each step of the 5-step sequence,
a preliminary estimate of the new values of the dependent variables

is first obtained, then followed by a final estimate in a modified
backward-difference scheme. See Chapter III, Section A, for further
details, and subroutine STEP (instructions 1850 to 2280). Once each
day the total global mass is adjusted in subroutine CMP, and the solar
declination and earth/sun distance are recalculated. In the present
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version of the model, the output or history tape of the primary de-
pendent variables is written every 6 hours.

Topography

The topography (TGOO) of the earth's surface i1s prescribed as
either water (with a fixed surface temperature), ice (with a maximum
temperature of 0 deg C), or land (which may be snow-covered, depending
upon the latitude and time of year). The elevation of all land points
is prescribed (whether ice-covered, snow-covered, or bare), and is
shown in Fig. 3.13, Chapter III; the assigned sea-surface and lake
temperatures and ice locations are shown in Fig. 3.14, Chapter III.
The topography is read into the program by the subroutine INIT 2, and
the land elevation data is decoded in subroutine VPHI4.

Transmission Function

The transmission function for short-wave radiation (FORTRAN
symbol TRSW; see subroutine COMP 3, instructions 10460 to 11000) is
given by the empirical expression 1 - 0.271(x)0'303, vhere (x) is the
effective water vapor concentration in a vertical atmospheric column
(see subroutine COMP 3, instructions 9750 to 10230). The transmission
function for long-wave radiation (FORTRAN symbol TRANS; see subroutine
COMP 3, instructions 9910 to 10220) is given by the expression

1+ 1.75(x)0'416]-1. See Chapter II, Section G, for further details.

Trggogause

The tropopause in the model is assumed to be always at the pres-
sure p, = 200 mb (FORTRAN gymbol PTR@P), and is used in the definition
of the tropospheric o-coordinate system. At this level the boundary
condition & = 0 is applied.

Vertical Velocity

The o-vertical velocity md = $/2mn (FORTRAN symbol SD = S) is
computed in the model for the middle level 2 from the equation of
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continuity as a result of the net horizontal mass convergence (see
subroutine COMP 1, instructions 4320 to 4540). The vertical velocity
1s used to effect the vertical advection of momentum and temperature,
and to determine the iarge-scale precipitation rate; it is i1llustrated
in Fig. 4.13, Chapter IV. See Chapter III, Subsections Cc.1, C.2, and
C.8, for further details.

Wind Velocity

The horizontal zonal and meridional wind speeds (FORTRAN symbols
U and V) are computed each time step in the model at the points of
the u,v grid, and are widely used in the program. These fields are
1llustrated in Figs. 4.2 t. 4.5 in Chapter IV, 1In the subroutine
COMF' 1 a number of spatially averaged speeds and fluxes are defined
for use in the horizontal advections of momentum, mass, heat, and
moisture, The wind velocity at the earth's surface (Us, VS) 1s found
by linear extrapolation in P from levels 1 and 3 (see subroutine
COMP 3, instructions 7490 to 7570), and is used in the determination
of the surface friction, evaporation, and sensible heat flux. See

Chapter III, Section C, for further details.
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VI. LIST OF SYMBOLS

PURPOSE

In order to provide a complement to the physics dictionary pre-
sented in Chapter V, a comprehensive alphabetical listing and iden-
tification of all the symbols used in the discussion of the model's
Physics and numerics is given here. For each symbol a brief identi-
fication, typical value, units, and FORTRAN symbol (if any) is given.
Those symbols which occur at more than one level in the model (as
designated by the subscripts 1, 2, 3, or 4) are listed following the
primary variable. WNot separately listed are those symbols which oc-
cur with the superscripts t or n (denoting evaluation at time steps),
those symbols which occur with the subscripts i and/or J, those symbols
with various combinations of numerical subscripts (denoting grid-point
locations), or those symbols representing a local specialization of a
Previously defined symbol. In general, symbols which occur only in
FORTRAN notation are also not listed here (see Chapter VIII).
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SYMBOL LIST

UNITS
1 (and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
a
3 -1
ay specific volume cm g ==
o |
ac albedo of cloudy atmosphere - ALAC
ALCl
a, cloud albedo (subscripted by - ALC2
cloud uype) ALC3
ug albedo o earth's surface -— ALS
a, albedo of clear atmosphere - ALAO
8 vertical shear stress parameter 0.13 mbzeec m-l -
r surface sensible heat flux ly day-l F4
Ph surface flux of static energy ly eet:-1 -
Y temperature lapse rate near 0.6 deg/100 m -
surface
]
y; latent heating parameter - GAM
2,~1
= 1Lq (¢ T 5418 de
Yg‘ q,( 3 ) g
4 sun's zenith angle radians cgsz
(= cos ¢)
n entrainment factor - ETA
0
%
9 potential temperature deg K TETA
%

1The multiple 1listing is for symbcls occurring with the subscripts
1, 2, 3, or 4; these denote evaluation at the respective model levels
o=1/4, 1/2, 3/4, or 1 (surface). The subscripts g and o also some-
times denote the ground or surface level.
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
8 | an average potential temperature deg K --
ed partial potential temperature deg K -
BE equivalent potential temperature deg K ==
K thermodynamic ratio R/cp 0.286 KAPA
A longitude, positive eastward from radians =
Greenwich
AX longitudinal spacing between grid | /36 radians DLON
points (= 5 deg)
y vertical shear stress parameter 0.44 mb sec -
I pressure area weighting = mmn mzmb FD(J,I)
¥ local four-point average of I mzmb FDU(J,I)
centered on u,v grid points
7 (1) surface pressure parameter mb SP,P(J,I)
- ps - Pp
(2) constant 3.14159 PI
dps -1
L surface pressure change = Fr mb sec PT
", |standard value of = 800 mb PM
" local four-point average of n mb ==
centered on u,v grid points
P -3
: air density g cm RH@, R@4
4
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
-3
P, | water density lgem ==
o Stefan-Boltzman constant 1.171 x 10-7 STB¢
1y daay-ldeg-4

a
o vertical coordinate - SIG

Yl = - e /e, - )

03 T 8 T
¢ sigma vertical velocity = do/dt sec-l SD

&,

1 time-step index -— TAU
|

L intermediate variables in deg K TEMP
- j penetrating convection

2

T, relaxation time for cumulus 3600 sec TCNV

convection
*
T(u) long-wave transmission function - TRANS (X)
-1
*
= [1 +1.75¢,%)0-416]

?A'

_ | long-wave transmission above and - -
TB’ below a given level

¢

¢l geopotential of sigma surface mzsec-2 PHI
o

geopotential of o = 4 surface mzsec- VPHI4
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
' latitude, positive northward radians LAT(J)
from equator
A latitudinal spacing between n/45 radians DLAT
grid points (= 4 deg)
v arbitrary variable - ==
Q earth's rotation rate 2m radians/day ROT
w pressure vertical velocity - ==
= dp/dt
A absorbed short-wave radiation ly day-l ==
A1 absorbed short-wave radiation in ly day-1 AS1, AS3
A3 upper and lower layers
Av eddy diffusion coefficient mzsec-l =
X arbitrary vector, whose latitu- -- ==
dinal and longitudinal com-
ponents are A¢ and AA
Ae saturation vapor pressure constant| 21.656 ==
*
A(u ,2) short-wave absorption function - TRSW(X)
*
= 0,271(u cos c)0'303
Aw general representation for -- -
advection terms
a earth's radius 6.3750 x 106 m RAD
B conduction roefficlent for ice ly day-ldeg-l -
B generalized conduction coefficient ly day-ldeg-1 TEM
Be saturation vapor pressure constant| 5418 deg -
=2 21
c condensation rate g cm “sec ==
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
Ci ground temperature correction ly day-1 =
terms in long-wave radiation
CD surface drag coefficient -- (]
CP sensible and latent heat flux 1y day-]‘deg-1 CSEN
parameter
CL cloudiness measure - CL
CLAT degrees poleward of snowline deg latitude CLAT
CONV horizontal mass convergence m2mb sec-1 C@NV
-1, -1
c dry air specific heat at 0.24 cal g “deg --
P congtant pressure
Dw general representation for non- - --
source terms
Dw general representation for mass -- --
advection terms
-2 -1
E surface evaporation rate g cm sec E4
e, |saturation vapor pressure cb ES, EG
F |modified Coriolis parameter nlsec™] FD(J,I)

") 4

e |
L]

wk =%

= mnf - udm/dy
horizontal vector frictional

force (per unit mass)

eastward component of frictional
force

northward component of frictional
force
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
Fd upward sensible heat flux from ly day-1 F4
surface
FH vertical heat flux at surface ly day-1 -
f Coriolis parameter = 20 gin ] set:-1 F(J)
G gustiness correction for surface 2 m set:-1 G
wind
GW ground wetness - GW
GWM maximum ground water 30 g <:m-2 GWM
-2
g gravity 9.81 m sec GRAV
h/cp static energy deg K --
h3/cp static energy at level 3 deg K HH3
h,/c static energy at level 4 deg K {HHA
4/ Cp HH4P
ﬁ;/cp intermediate stability parameter deg K HH4
. -1 -1
H diabatic heating rate (per unit cal g “sec --
mass)
Hl diabatic temperature change (over deg Hl
5At) in layer
H3 diabatic temperature change (over | deg H3
5At) 1in layer
H average of Hl’ H3 deg H
H surface latent heat flux 1y day'l -
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
*
h /cp stability parameter deg K -
*
hl/c stability parameter at level 1 deg K HH1S
*
h3/c stability parameter at level 3 deg K HH3S
I maximum value of 1 72 IM
i zonal grid-point index - I
J maximum value of j 46 JM
h| meridional grid-point index - J
K moisture parameter - VAK
->
k vertical unit vector - --
L latent heat of condensation 580 cal g ==
L level index = 1 at ol, = 3 at 03 - L
LR nominal lapse rate deg K -
K
= (8, - 8,)(p,/p,)
M ) o
Mb ‘ vertical mass flux in cloud g cm “sec ==
Mw/Md ratio of the molecular weight of 0.622 -
water vapor to dry air
m map metric or zonal distance m { DXU
between grid points = aA) cos @ DXP
n (1) map metric or meridional m {DYU
distance between grid points DYP

= aA®p
(2) arbitrary time step
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
p
a l (1) pressure mb PL
pl'f (2) polar grid-point index -- =
3
p reference pressure 1000 mb PSL
o
PCM precipitation rate from mm day-1 —
middle-level convection
PCP precipitation rate from mm day-1 ==
penetrating convection
PLS large-scale precipitation rate mm day-1 -
P surface pressure mb P4
8
Pp | tropopause pressure 200 mb PTR@P
op
CI cloud pressure thickness mb ==
Apm‘
é rate of moisture addition - -
(per unit mass)
q mixing ratio - -
Q3
q, mixing ratio at level 3 - Q3R
Q3RB
q, mixing ratio at level 4 - Q4
qg mixing ratio at ground - QG
Aq mixing ratio change (at level 3) - -
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
qs saturated mixing ratio - Qs
q effective ground saturation - -
se
mixing ratio
R dry air specific gas constant 287 mzdeg—lsec_ RGAS
Rw general representation for non- - -
advective, non-source terms
=D -A
] ]
-1 ROO
RA clear sky long-wave radiation ly day R20
at level n R40
-1 ROC
R; overcast sky long-wave radiation ly day 1 R2C
at level n lR&C
- -1 RO
R weighted sum of R', R" ly day s R2
n n’ n lR4
RO' upward long-wave radiation flux ly day'-1 RO
RO ‘ at level 0(c = 0)
RZ' upward long-wave radiation flux 1y day_1 R2
R2$ at level 2
R&' upward long-wave radiation flux 1y day_1 R4
Ras at level 4 (surface)
RH
RH3 ' relative humidity (scaled 0 to 1) | -- RH
<
S dry static energy cal g ==
S vertical velocity measure m2mb eec—1 SD(J,I)

- 2mnw62
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
1
A A -1
Si flux of So at level i in clear sky| ly day -
"
A A -1
Si flux of So at level i in overcast | ly day -—
sky
"
A A -1
S o flux of So reflected from top of ly day -
c
1 cloud type 1
sy s 2 -1
S local four-point average of S m mb sec SDu
centered on u,v grid points
S solar constant (after modification| ~2880 ly day-1 S@
0
for earth-sun distance)
s° | solar radiation subject to ly day-1 Ss
J scattering
A -1
S solar radiation subject to ly day SA
° absorption
S total solar radiation absorbed ly day-1 sS4
g at ground
S: flux of S: absorbed by ground iy day-1 -
A A -1
S8 flux of So absorbed by ground ly day -
S general representation for source | -- =
v terms
S4 short-wave radiation absorbed at ly day-1 S4
the surface
|
Tl temperature deg K T
7, |
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
To melting point of ice 273.1 deg K TICE
T, | tropopause temperature deg K TTREP
i ) air temperature at level 4 deg K T4
T4 ’ (surface)
Tcl)
T air temperature in cloud deg K ==
c3‘
6T, )
AT temperature change (of layer) deg -
3
(ATJ.) l de -
CM\/ temperature change due to middle- g
(AT3) level convectior
o™
(aT,) 1
CP\| temperature change due to deg -
(AT3) penetrating convection
CP
(AT3) level-3 temperature change due to | deg --
LS large-scale condensation
(= PREC:L/c )
P
T round temperature deg K o
g | BroUne e 2 6T(,1)
JTGR
Tgr revised ground temperature deg K 16T(J,1)
TT tropopause temperature deg K TTRIP
T | local four-point average deg K --
temperature centered on
u,v-grid points
T an &verage temperature deg K -
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
TD lapse rate measure deg mb"1 TD
= (T - T))/20
t time sec, min, hr, -
or days

At time step 6 min DTM
U west/east advective flux mzmb set':-1 -

U southwest/northeast advective flux mzmb sm:-1 -

u

v, _

i zonal (eastward) wind speed m sec U

3

Y

®

u* ' effective water vapor content in g r:m_2 {EFV
u ‘ column (to level n) EFVT

® -

u_  |effective water vapor content in g cm 2 EFVO

column (entire atmosphere)

®

u

®

|

u* zonal mass flux = nnu mzmb ser:-1 PU(J,I)

3

®

Y%

®

Ve ' -2 EFVC1

F. ‘ cloud water vapor equivalent 65.3 g cm {EFVCZ
u

[
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
* -2
u, cloud water vapor equivalent 7.6 g em EFVC3
3
\ south/north advective flux m2mb sec-1 -
v southeast/northwest advective flux mzmb set:-1 -
v
<>
v1
v h =
2 orizontal velocity vector m sec ==
V3
v
4
= > -1
Vs surface wind vector, = 0.7V4 m sec us, Vs
> 1 -1
Vel local four-point root-mean-square | m sec WMAG
surface wind speed centered at
T points
v I meridional (northward) wind speed | m sec ! \'
V3 ’
*
Y%
* 2 -1
v3 meridional mass flux = mnv m mb sec PV(J,I)
*
V4
w surface wind speed with gustiness [ m sec-1 WINDF

correction
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UNITS
(and value FORTRAN
SYMBOL MEANING for constants) SYMBOL
X eastward coordinate (on - -
rectangular projection)
y northward coordinate (on -- -
rectangular projection)
z
U
3 height of sigma surface m 222
3
%4
Az standard value of 2y = 24 5400 m -
(A) designation for preliminary -- -
estimate in time integration
(~) designation for provisional value | -- -
prior to incnrporation of source
terms in time integration
O) a smoothing operator denoting a - -
horizontally averaged value
() an operator denoting the three- - --

point longitudinal smoothing
routine in AVRX(K), which is
automatically applied No times
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VII. THE FORTRAN PROGRAM

A listing of the computer program actually used in the numerical
simulations is perhaps the most important part of the documentation.
In the FORTRAN program listing given in Section A below the sequential
numbering of all cards in the program deck is reproduced on the right-
hand side of the listing to permit easy identification of epecific in-
structions. Following the listing of the “ntegration program and the
common block, the program listing for the map routines is presented in

Section B with a separate instruction card numbering.

A. INTEGRATION PROGRAM LISTING

1. Subprograms

The integration program itself is divided into a main or control
routine and a number of subroutines. In the order of their appearance
in the program, these subroutines (and an indicaticn of their func-

tions and initial program instruction numbers) follow:

COMMON -- lists variables' common and equivalence assignments
CONTROL -- controls program execution (0120)
OUTAPE -- reads and writes history :-ape (0800)

GMP -- calculates global average surface pressure, and ad-
Justs pressure for mass conservation (1250)

VPHI4 -- decodes land elevation (151()
IPK -- packs data for outpuat (1610)
KEY -- logical key control (1770)

STEP -- controls sequence of time steps, and readies data
for execution of subroutines COMP 1, COMP 2, COMP 3,
and COMP 4 (1850)

COMP 1 -- calculates mass flux and convergence; horizontal ad-
vection of momentum, heat, and moisture; vertical ad-
vection of momentum and heat (2290)

COMP 2 -- calculates Coriolis and pressure-gradient forces (4880)
AVRX -- performs zonal smoothing (6780)

COMP 3 -- calculates radiative heating, convection, precipitation,
surface and ground temperature, surface evaporation and
sensible heat flux, surface friction; calculates se-
lected data for output (7070)
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COMP 4 -- calculates diffusion of momentum (suppressed in the
present version); performs areal smoothing of the
temperature lapse rate (12040)

INPUT

- reads input data and controls generation of selected
conestants (12880)

MAGFAC -- calculates map scale factors and Coriolis parameter
(14350)

INSDET -- adjusts day, month, and seasonal sun position

SDET -- calculates solar zenith angle and related parameters
(15190)

INIT 1 -- prepares for cold-start initial conditions (inopera-
tive in the present version) (15620)

INIT 2 -- reads and encodes surface topography data (sea-surface
temperature and land elevation) (15770)

2. Guide to the Main Computational Subroutines

The bulk of the computations involved in the solution of the main
dynamical equations of the model, Eqs. (2.27) to (2.35), are performed in
the subroutines COMP 1, COMP 2, COMP 3, and COMP 4. An outline of
these calculations is given below in the sequence performed each time
step in the program by the subroutines COMP 1 and COMP 2, followed by
an outline for subroutines COMP 3 and COMP 4 which are performed every
five time steps. The initial Instruction location is cited for each

major program subdivision.

Initial
Calculation Instruction
COMP 1

Formation of area-pressure-weighted variables 2540
Horizontal mass flux 2710

Zonal smoothing (AVRX) 2830
Horizontal polar mass flux 2970
Horizontal temperature advection 3260
Horizontal moisture advection 3390
Horizontal momentum advection 3770

Continuity equation (vertical velocity and
surface pressure tendency) 4130
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Initial
Calculation Instruction

COMP 1
Vertical temperature advection 4560
Vertical momentum advection 4690

COMP 2
Corionlis force 5010
Pressure-gradient force 5220
Zénal smoothing (AVRX) 5970
Thermodynamic energy conversion 6070
Zonal smoothing (AVRX) 6210
Polar adjustment 6410
Return to unweighted variables 6580

COMP 3
Radiation and heating functions 7150
Surface wind magnitude 7490
Radiation constants 7590
Solar declination 7740

Surface topography (ocean, ice, bare land, snow-
covered land) 7820
Pressure variables 8030
Temperature and moisture variables, and test for

dry-adiabatic instability 8180
Ground temperature and wetness 8540
Large-scale precipitation 8610
Middle-level convection 8700
Preparation for air/earth interaction 8900
Surface temperature 8970
Penetrating and low-level convection 9140
Cloudiness 9400
Long-wave radiation 9750

Surface albedo 10240
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Initial
Calculation Instruction
COMP 3
Solar (short-wave) radiation 10430
Ground temperature 11020
Sensible heat flux and evaporation 11220
Moisture budget 11300
Total heating 11410
Surface friction 11500
Areal smoothing of heating 11850
COMP 4
Horizontal momentum diffusion (inoperative
in present version) 12270
Areal smoothing of lapse rate 12700

3. Common and Equivalence Statements

Most of the variables and constants of the program are communi-
cated between the subprograms via a common block, stored in the single
array BCOMN. The following equivalents should be noted:

BC@MN (1) --BC@MN (800) equivalent to C(1)--C(800)

where C(K) is defined to be equivalent to all the constants and one-
dimensional arrays [and MAPLST(3, 40)],

BCAMN (801)-~BCAMN (67040) equivalent to QT@r(1,1,1)--QTPT(46,72,20)

where QT@T is equivalent to all the two- and three-dimensional arrays,

QTGT(l,l,l)--QTGT(AG,72,9) equivalent to Q(1,1,1)--Q(46,72,9)

QT¢T(1.1.10)--QT¢T(46.72,20) equivalent to QT(1,1,1)--QT(46,72,11)



and

Q@J,1,1)

Q(J,I1,2)
Q(J,I1,3)

Q(J,1,4)
Q(J,1,5)

Q(J,1,6)
Q(J,1,7)

Q(J,1,8)

Q(J,1,9)

equivalent

equivalent

equivalent

equivalent

equivalent

equivalent

equivalent

equivalent

equivalent

to

to

to

to

to

to

to

to

to
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P(J,I)

u@J,I1,1)
u(J,I1,2)

v(@,I1,1)
v(J,I1,2)

T(J,I,1)
T(J,I,2)

Q3(J,1)

T@PEG(J,I)

surface pressure (T)

level 1 zonal wind (ul)
level 3 zonal wind (u3)

level 1 meridional wind (vl)
level 3 meridional wind (v3)

level 1 temperature (Tl)
level 3 temperature (T3)

moisture (q3)

surface elevation and ocean
temperature

The array QT(J,I,K) for K = 1 to 8 is similarly equivalent to all

the temporary and intermediate values of the above quantities, i.e.,
PT(J,1), UT(J,I,K), etc.
gram rather than the original variables, especially in the time steps

Occasionally Q and QT are used in the pro-

where all Q quantities are treated at once (see, for example, instruc-

tions 1960 to "220).

The array QT is also equivalent to all other two-

and three-dimensional arrays in the program not requiring permanent

storage. The common, dimension, and equivalence statements are given

on the immediately following pages.



)
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CODE LISTING
C###*#####*#####***####*#########*#*###******###**###**##*#*#*##********00000010

C#*####*####*######*##*##*##**##*#####****#**#*#*******##

Cx
Cx

C* COMMON BLOCK FOR MINTZ~ARAKAWA TWN=-LEVEL GENERAL CIRCULATION MODEL

Cx%
C*

C#########*#**#*###########*##*###*###***#*#**##***##*#**##***##****#**
C##*#*####*#****####****#####*#*##**#**##**#****#H#*#*#**#*##*****#**#*

COMMON GW,.GT
C DM M 0O N
* BCOMN
0 I M E N S I O N
% BCOMN(67040), C(800), QTOT(46472920)y Q(4647299)y QT(46472411)
By P(46+72)y U(46472,2), VI46972+42)y T146+7242)y Q3 (46,72)
g PTU469T72)y UT(460T7242)y VT(4647242), TT(4697242)y Q3T(046,72)
*9FD(46472)y HI4647242) 9 PU(4b4T2), TD(46,72)
¥y PHI(46472)y W(GHye72), TOPDG(46472)
®y CONV(46972)y PV(464T2)y SD(46,72)
%y GW(46972)y GT(46472)y QD(46,72,9)
%y WORKL(46,72)¢ WORK2 (46,72}
¥y TS(46472)y SN(46,72)
DI M E N S I 0O N
* LAT(46)y DXU(46)y DXP(46), DYU(46), DYP{46)
¥y SINL(46), COSL(46)y AXU(46)y AXV(46), AYU(46)y AYV(46)
%9 DXYP(46)y F(46)y SIG(2)y AMONTH(3), XLABL(9)y MAPLST(3,40)
DXV AND DYV ARE INTERM VARIABLES DNLY
®y DXV(46)y DYV(46)
F @ U I VvV A L E N C E
* (QTOT(1),0(1))y (QTOT(29809:4QT(1)}, (BCDOMN(1)+C(1))
*y (BCOMN(BOL),0TOT(1))y (QUL1)4P(1)), (Qllyle2)4L(1))
¥y, (Q(1lelya)yVIil)y, (Q(lyle6) . T(1)), (Q(19148)403(1))
%y (Q(19149)sTOPDG(1)), (OT(1)4QD(1)4PT(1))
X (OT{) gl e2)eUT(L)4WORKLI(1))
¥y (OT{h9143),TS(1))
¥y (QT(ledoa)yVT(1),WDRK2(1)}
¥9 (QOT(19195)4SN(L))
¥ (OT(1lodlg6)gTT(L))y (QOT(141,48)4Q03T(1))
*y (QT(14199),CONV(1),50(1))
X (QOTUlely10)sH(L)oPVILY4PHI(L)oW(1)})
Xe (OT(lololl)oPUCL)4FDI1)oTDI(]1))
E Q U I Vv A L E N C F
* (CUL)oedM)y (CU(2)4IM), IC(3)9JTP)y (C(4)4KTP), (C(5),LTP)
¥y (C(6)gyMTPYy (C(T)oNOOUT), (C(B)sRESTRT)y (C(9)4TAU)
¥y (C(10)9TAUI)y (C(11)4TAUD}, (C(12)sTAUD)y (C(13).TALE)
¥y (C(14)yTAUH)y (C(15)4TAUC), (C(16)41D)y (C(17),0T)
*y {C(18B),DLAT),y (C(19),DLON), (C(20)9RAD)y (C(21)4RSOIST}
¥y (C(22)9DCLKYy (C(23),SINO}, (C(24),C0OSD)y (C(25),TOFDAY)
%9 (C(26)4MNTHDY )y (C(27)4DAYPYR), (Ct28) yROTPERYy (C(29),SOEDY)
*9 (C(30)4SDEYR)y (C(31),EONX), {C(32)9APHEL)y (C(33),DECMAX)
¥y (C(34)4ECCN)y (C(35),DAY), (C(36)9yGRAV)y (C(37)4RGAS)
*y (C(3B)yKAPA)y (C(39),PSF), (C(40)¢PTROP)y (C(41)4PSL)
¥y (CU42)9TCNV)y (Cl44)4A)}, (C(45)4NCYCLE)
®y (C(46)9NC3)y (C(4T)4FM), (C(48)4ED)
¥y (C(5T7)4PI)y (C(58)4ZMM)
%y (C(59),NPOL)y (C(60),SPOL), (C(61)9MRCH)y (C(H2)4STAGY)

Rukkk xR kR RAKX%00000020

*00000030
*00000040
*00000050
*00000060
*00000070
*00000080
*00000090
00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
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*y (C(63)4STAGI)y (C(64),SIG(1)), (CL66),AMDNTH(1))
FQ U I v A L E N C E

* (C(69)yXLABLI(L)), (C(T8)4LAT(1))y (Cl1264)40XU(1))

*y (C{170),0XP(1)), (CL216)40YU(1))y (C(262)40YP(1))

*y (C{308),0XYP(1)), (CU354)4F(1))y (CL400)4SINL(1))

*y (C(646),COSLI(1)), (C492)4,AXU(1))y (C(538)4AXV(]))

*, (C(584),AYU(]1)), ({CL630),AYV(]1)), (CL676)4MAPLST(1))

*9 (C(797)4NSTEP),y (C(798),DLIC)

*y (C(799),TREADY), (SINT,ISINT)

*9 (DXV(1)4DXP(1))y (DYV(1),0YP(1))

REAL LAT, KAPA, NPOL

LOGICAL KEYS*I'8]T.MAPGEN'RESTRTvKEYoTREADY
COMMON  /VKEYV/ KEYS(32)

INTEGER SOEDY,SDEYR

00000570

00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00000710
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om0 0 O R O R R R e X R K %0000 00110
ottt o A 0 R R XK R R R Rk 000000 20

Cx *00000030
Cx *00000040
Cx MINTZ-ARAKAWA TWO-LEVEL ATMOSPHERIC GENERAL CIRCULATION MODEL *00000050
Cx *00000060
C» *00000070

C*#‘*****“‘t**#*‘*#‘**“*t#*‘#****#***‘####‘*#**‘*##*####***##‘*tt*‘*‘*00000080
C**t#*‘#*“*““*#t*‘*t*#**#*##*###*#**#**‘***‘#**#‘t*******#*#‘##‘***“00000090

c 00000100
c 00000110
c CONTROL 00000120
/> 00000130
// DD DISP=0OLD+DSN=MES727 ,ABN.COMMON 00000140
// DD * 00000150
LOGICAL EVENT yCHECK yPASS29EVNTHy NODUT4VIVA 00000160
DIMENSION CXXX(800) 00000170
EVENT{XTAU)=MOD(NSTEP 4 IFIX(XTAU%*3600./DT+0.1)) .EQ. O 00000180
PASS2=, FALSE, 00000190

D0 100 J=1,32 00000200

100 KEYS{J)=,FALSE, 00000210
200 KNT=0 00000220
RESTRT=, TRUE, 00000230

VIVAz ,TRUE, 00000240

CALL INPUT 00000250

c 00000260
c 00000270
NSTEP=TAU%*3600,/0T+0,1 00000280
RESTRT=,FALSE. 00000290

c 00000300
c MAIN COMPUTATIONAL CONTROL 00000310
c 00000320
c 00000330
310 NSTEP=NSTEP+1 00000340
TAU=FLOAT(NSTEP)*ABS(DT)/3600s+1.F=3 00000350

1F (TAULGT.TAUE) GO TO 1200 00000360
TOFDAY=,MOD(TAU4ROTPER) 00000370
NONUT= NOTL(EVFNT(TAUN) LOR., KFY(=8)) 00000380

1F (NOOUT .OR, MOD(NSTEP4NC3) .EQ. 0) GN TO 320 00000390

NOOUT =, TRUE, 00000400
KFEYS{B)=, TRIUE, 00000410

320 CONTINUE 00000420
C 00000430
CALL STEP 00000440

IfF (EVENT (24,)) CALL GMP 00000450



OO0

c

[aNel
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VARIDUS CHECKING AND HISTNRY OPTIONS

630 IF (EVENT(TAUD)) CALL SNDET
INDAY=TAU/ROTPER
IF (EVENT(TAUH)) GO TO 1000
GO TO 310
1000 CONTINUE
READ (KTP) TAUX
IF (TAUX.6T,0.0) GO TO 1100
I¥ (ABS(TAU~TAUH+TAUX).GT..OI) GO Tn 1100
1001 CONTINUE
BACKSPACE KTp
WRITE (KTP) TAU, C
CALL OUTAPE(KTP,2)
PRINT 1005, 7AU0
1005 FORMAT (1X,'wRITE TAPE  1,F8,2)
GN To 310
1100 WRITE (MTP,1110) TAUX, TAUX
1110 FORMAT (1x,*'soME MESS ON TAPE'.IX.E]Z.S'IXoIR)
CALL EXIT
1200 WRITE {MTP,1210) TAU
1210 FORMAT {1Xy *TERMINATING AS REQUIRFD AT TAU=',F8, 2)
STop

00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570
00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000640
00000690
00000700

9200 TORMAT(' WMSGOD20 MINTZ-ARAKAWA GLOBAL WEATHER MODFL NOW RUNNING')00000710
9670 FORMAT(' WMSGO040 (V9A6,%) SWITCHING FROM TAPE v,12,% T TAPE 412,00000720

2' ON DAY ',J4,' / Hour ‘eF6,.3)

9680 FORMAT (' WwMSGO3S SIM TIME IS DAY Yela,! HOUR *4F7,3)

9715 FORMAT (' WMSGO3s {*9A4y%) HAS STOPPED AT DAY ', 4, / HOUR L)
2 F7.3)

END

00000730
00000740
00000750
00000760
00000770
00000780
00000790



// OD DISP=0LN,DSN=MEST27,ABN.COMMON

//

20

SURROUTINE OUTAPE(K,I)

)]

IF(1.EQ.2) GO TO 20

*

READ (K)
READ (K)

READ |

K)

READ (K)

READ

K)

READ (K)
READ (K)
READ (K)
READ (K)
READ (K)
REAN (K)
READ (K)
READ (K)
READ (K)
READ (K)
READ (K)

RETURN

CONT INUE

WRITE
WRITE
WRITE
WRITE
WRITE
WRITFE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

{K)
{(K)
()
{(K)
{(K)
(K)
(K)
(K)
(x)
(x)
(x)
(K)
(K)
(K)
()
(x)

[
U
v
T
Q
T
P
6
T
G
S
T
0
S
H
T

3
DPOG
T

L

S

T

N

T

37

D

D

-“~<Cvo

03
TOPOG
PT
6w
TS
6T
SN
T
037
SD
H
T0

TAUX=-ABS(TAU)
WRITE (K) TAUX,
BACKSPACE K

THE NEGATIVE RFCORD PREVENTS NOISE,
AND MISSING TRAILER LABELS.

RETURN
END
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MISSING RECORDS,

00000800
00000810
00000R20
00000830
00000840
00000850
00000860
00000870
00000880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
000009R0
003500990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
00001100
oooolI1lo
00001120
00001130
00001140
20001150
00001160
00001170
00001180
00001190
00001200
00001210
00001220
00001230
00001240



/*
// 0D
//

136
135

137

301
138
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SUBROUTY | NE
. GMP

DISP=OLDyDSN=MFST27 ABN ,COMMON
oD L

DIMENSION 2ZM(46)

FlMe]M

DO 135 J=),JM

IN(J)=0.0

0N 136 I=],lM

IMLJI)=IMId) & P(J,I1)
IM(S)=IM{J)/FIM
WTiM=Q,

IMM=0,

DO 137 Jy=lyyM

WTM = WTM + ARS(DXYP(.J))

IMM = MM ¢ ZM(J)SABS(DXYP(J))
IMMEZMM/HTM +PTROP

DELTAP = PSF = 2MM

N0 301 Is1,1M

0N 301 Jsl,dM

PlJsl) = P(Js1) o DELTAP
WRITE(6413R) DFLTAP

FORMAT(* PRESSURE ADDED = teFl6,8)
RETURN

END

00001250
00001260
00001270
00001280
00001290
00001300
00001310
00001320
06001330
00001340
00001350
00001 340
00001370
00001 3R0
00001390
00001400
00001410
00001420
00001430
00001440
00001450
00001460
0n0n1670
000014680
060014690
00001500



/e
/7 00
//

FUNCTION VPHI& (J,1)

NISP=0LDyDSN=MEST27, ARN, COMMON
no .
VPHI4=0,

IF (TOPNGIJs11elTe 140) VPHIG=AMOD(=TNPNGIJo1)¢10.E5)

RFTURN
END

FUNCTION IPK(ILsIR)
TNTEGER THALF*2(2)
EQUIVALENCE (IHALFI1),IwD)
IHALF(1) =1L
IHALF(2)=]R

I1PK=IWD

RETURN

ENTRY [RH(IPKNWD)
IWD=]PKWD
IRH=IHALF (2)

RETURN

ENTRY ILHIIPKWD)
IWD=]PKWD
ILH=IHALF (1)

RETURN

END

LOG 1 C AL FUNCT ]I ON

-266-

KEY (M)

LOGICAL KEYS®1(32)

COMMON /VKEYV/ KEYS

N=1ABS(M)

KEY=KEYS(N)

IF (M LT, 0) KFYS(N)= FALSE,
RETURN

END

00001510
00001520
000015130
00001540
000015%0
00001560
00001570
00001580
00001590
00001600

00001610
00001620
00001630
00001640
00001650
00001660
00001670
000016R0
00001690
00001700
00001710
00001720
00001730
00001740
000017%0
00001740

00001770
00001780
00001790
00001400
00001810
00001820
00001R30
00001840
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SUBROUTINE STEP 00001850

// DD DISP=OLDyDSN=MEST27 ABN . COMMON 00001860
// OD = 00001870
c 00001880
c MAIN LOOP OF INVEGRATION 00001890
C FORWARD STEP (CENTERED IN SPACE) 00001900
c 00001910
MRCH=) 00001920

DO 310 K=1,8 00001930

D0 310 I=},IM 00001940

DN 310 J=e), M 00001950

310 QV(Jy 1 4KI=0(Jy1,K) 00001960
THRP=TAW/ 24, 00001970

PRINT 9999, TAll, THRP 00001980

9999 FORMAT (1Xy 'TIME=® 42X 4FR,2,2X ,F9.4) 00001999
CALL CnmMP] 00002000

CALL CnMp2 00002010

DN 360 K=],A 00002020

DO 360 Ixl,IM 00002030

DO 360 J=),yM 00002040
TEMP=Q(J,1,K) 00002050
OlJelvK)I=QT(Jy1,K) 00002060

360 OV(JyI,K)=TEMP 00002070

C 00002080
G BACKWARD STEP 00002090
c 00002100
NS=MODINSTERNCYCLF ) 00002110

MRCH= 2 00002120
IF(NS,EQ.1) MRCH=3 000021 30)
IFINS.EQs2) MRCH=4 00002140

CALL COmpi 00002150

CALL COMP?2 00002160

DN 3RO K=1,A 00002170

DD 3R0 I=1,]M 00002180

D0 380 J=1,JM 00002190
TFMP=0Q(Jy14K) 00002200
Q(JoloK"Q”Jvvi' 00002210

380 QV(J, | 4K)=TEMP 00002220

c 00002730
TF (MADINSTEPyNC3).NE.O ) G0 TN 400 00002240

CALL CNMPe 000022%0

CALL COMp3 00002260

400  RETURN 00002270

END 00002280



/

// DD

/

(slelaNaNeNoNekeYel

DOONO

c

/

2100

2110

2120
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SUBROUTINE COMP I

NDISP=NLDyDSN=MES727,ABN,COMMON
DD *

JMM] = M~]

IMM2a[M=2

FiM=iM

SIG1=SIG(1)

S163=S1G(2)

MRCH=] CENTERED IN SPACE AND FORWARD IN TIME
MRCH=2 CENTERED IN SPACE AND BACKWARD IN TIME
MRCH=3 UP=-RIGHT UNCENTERED IN SPACF AND BACKWARD IN TIME
MRCH=4 DOWN=LEFT UNCENTERED IN SPACF AND BACKWARD IN TIME

TIME EXTRAPOLATINON INTERVAL FOK ADVECTION TERMS

TEXCO=DT
IF(MRCH.FQ,1) TEXC0=0,5%DT

PREPARATION FOR TIME EXTRAPNLATINN
TRANSFORMATION TN AREA=PRESSIURE WFIGHTED VARIABLES
OT CONTAINS VARIABLFS TD WHICH TENDFNCIES ARE TN HE ADDED

N0 2100 Is],IM

DD 2100 JY=l M

FD(Jo1)=PT(Us1)eDXYP(Y)

Q3T(Jo1)=03T(J,1)EDLI, 1)

N) 2120 L=1,2

DD 2120 I=z1,1IM

1P1aMON({1,41M) 4]

0D 2110 Jsl,yyM

SARI IS LA NI RE T TRIS R

DD 2120 J=2,uM
FDUIO.ZS‘(FDIJ.I)OFDlJoIPl)OFDIJ-loI)OFD(J-loIPl))
IF (J .EQ, 2) FOU0L,25¢ (FDU241)4FD(2,1P1))eFD(1,1)
IF (J (EQ, JM) FDU-O.ZS‘IFDIJN-loI)OFDIJM-loIPl))OFD(JFoI)
UTtJelsL)auT(Jel,L)®FDY)

VTtJeTel)aVT(Jsl,L)*FDU)

00002290
00002300
00002310
00002320
00002330
00002340
00002350
00002360
00002370
00002380
00002390
00002400
00002410
00002420
00002430
00002440
00002450
00002460
00002470
00002480
00002490
00002500
00002510
00002520
00002530
00002540
00002550
00002560
00002570
00002580
00002590
00002600
00002610
00002620
000026130
00002640
00002650
00002660
00002670
00002680
00002690



[aNaNalal

[aNalal

2149
2150

2160

2170

21R0

2185

2190

2192

2195

2200

2202

2204
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COMPUTING MASS FLUX % P Py *
* PV UV %

L=1

DN 2160 I=1,1M
IPL=MOD(141M)+1
DN 2160 J=2,0MM]

00002700
00002710
00002720
00002730
00002740
00002750
00002760
00002770

TF(MRCH oLE, 2) PUIJs1)=0,25%(DYO(II*U(IoT4L)+DYULI+1)}%*U(J+1414L) 100002780

TF(MRCH «EQs 3) PULIGI)=0,.5%DYU(I+]1)*0(J+141,4L)
TFIMRCH oEQe &) PULJIGI)=0s5%0YU(J)®U(Ie]5L)
CONT INUE

CALL AVRX(11)

0N 2180 I=1,1M
1P1=MOD(T,1IM)+}
IML=MDD(T+1MM2,1M)+1
00 2170 J=2,JMM]
PUIJo T =PULIG 1) (PIJs1)+P(J41P]))
0N 2180 J=2,4M
TFU{MRCH oLFe 2) PVIJol)=0e25%DXUCI)I®(VIJde oL +V(JeIMLoL))
B (PlUe1)+P(U=141))
TF{MRCH oFQs 3} PV(Jol)=0,5%DXU(JIRVIIeToL)®(P(Jel)+P(J=1¢1))
TF(MRCH sEQ¢ &) PVIJoI)=0o5%¥DXUCYISVIIoIMLoL)I*(PIJIoT)4+F(J=141))
CONTINUF

EQUIVALENT PU AT POLESe PVIleI) IS USED AS A WORKING SPACF.

VM1 =0,0

VM2=0,0

0N 2185 I=1,1M
VMl=VMLePV(2,1)
VM22VM24PV(JM, 1)
VM]=VML/F]IM

VM2=VYM2 /F 1M

PVilel)=n,0

DD 2190 1=22,1IM
PVI1ol)=PV(loI=1)e(PV(2,])=VM])
VM120.0

DD 2192 1=1,IM
VML=VML4PV(l,1)
VM]l=VM]1/F 1M

D0 2195 [=],IM
PU(Lyl)==(PV(]1,41)=-VM])%3,0
PVI(l:1120,0

D0 2200 1=22,1M

PVIL o1 )2PYV(Llol=1)e(PV(UMy])=~VM2)
VM220,0

DN 2202 1=1,1M

VM2 =VM2ebV(1l,41)

VM2 =yM2/F M

DN 2205 I=],1m
PULUMT ) =(PV(]s1)=-VYM2)*3, 0

00002790
00002800
00002810
00002R20
00002330
0000240
000C2R50
00002860
00002870
000026880
00002890
00002900
00002910
00002920
00002930
00002940
00002950
00002960
00002970
000029R0
00002990
00003000
00003010
00003020
00003030
00003040
00003050
00003060
00003070
000030R0
00003090
00003100
00003110
00003120
00003130
00003140
000031%0
00003140
00003170
000031R0
00003190
00003200
00003210
0on03z220
00003230
00003240
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c HORTZONTAL ADVECTION OF THERMODYNAMIC ENERGY AND MNISTURF EQUATIONSO00003250

C 00003260
FXCO=20,5*%TEXCO 00003270

DO 2220 [=l,1M 000032R0
IP1=MOD(1,IM)+1 00003290

DO 2210 J=2,JMM]) 00003300
FLUX=FXCO®PULJo1) 00003310
FLUXTaFLUX®(T(JelosL)+T(JsIPL4L)) 00003320

ITF ({J oFQs 2 oOR. J (ENe JMML) JAND, FLUX oLTe 0.) 00003330

* FLUXTaFLUX®2 ,%T(JeIP14L) 00003340

IF (1) oEQe 2 OR. J o«FQes JMML) LANDe FLUX oGFe 040) 00003350

» FLUXT=FLUX®2 ,%T (Jyel,L) 00003360
TTOJe T oL)=TT (Jel4L)=FLUXT 00003370
TTOIgIP oL ¥ 2TT(Jy 1P L)+FLUXT 00003380

IF (LeEQel) FLUX==0,25%FLUX 00003390

IF (LeEQe2) FLUX=1,25¢FLUX 00003400
Q3M=203(Jy1)+403(J,1P1) 00003410
IF(N3M,LT.10.,E-10) GO TN 22)0 00003420

C 10,E=10 IS A RELATIVFLY SMALL NUMHER 00003430
FLUXO=FLUX®Q3IM 00003440
TF(O3(Je1)elT40Q3(JsIPLl) JANDe FLUXGGT .0,) 00003450

» FLUXQ=FLUX*4 o203 (Jy1)*Q3(J,IPL1)/03M 00003460
TFIQ3(Js1)aGTeQ2(JsIPLl) (ANDe FLUXGLT.0.) 00003470

* FLUXO=FLUX#24,%03(Js1)203(J,1P1)/03M 00003480
03T(Je1)=Q3T(Jy1)=FLUXQ 00003490

Q3T (JeIPL)=Q3TIJ,IPL)+FLUXD 00003500

2210 CONTINUE 000035)0
DO 2220 Js2,4,JM 00003520
FLUXBFXCO®PV(UJ41) 00003530
FLUXTRFLUX®(T (el oL)+T(J=1414L)) 00003540

IF (J oFQ¢ 2 JAND. FLUX (LT, O¢) FLUXTSFLUX®2.#T(2,14L) 00003550

IF (J oFQe UM JAND, FLUX (6T, 04) FLUXTIFLUX®2,8T(JM=1,14L) 00003560

IF (J oFQs 2 (ANDe FLUX oGEe Oo) FLUXTEFLUX®?#T(1o1+L) 00C03570

IF (J «€EQe UM AND, FLUX LFe 0o} FLUXTaFLUX®2,8T (Mg 1,4L) 00003580
TTUOdol oL )sTT (gl sL)+FLUXT 00003590
TT(I= g Lol )=TT(J=1yIoL)=FLUXT 00003600

IF (LeFQol) FLUXZ=0,25¢FLUX 00003610

IF (LeEQ,2) FLYIX2],258FLUX 00003620
Q3M=0Q3(Je]1)+03(J=1,1) 00003630
IF(Q3M,LT,10.,E=-10) GOTN 2220 00003640

C 10F=10 IS AN ARBJITRARY LOWER LIMIT 00003650
FLUXO=FLUX®QIM 00003660
TE(O3(Jal1)elToQ3(J=101) ANDe FLUXGLT 40,) 00003670

. FLUXOSFLUIX%6,2Q3(Jy1)203(J=1,y1)/Q3M 000036R0
lHO‘HJol).GT.03(J-le) .AND. FLUX.GTQOO, m)003690

» FLUXQaFLUX®4,%03(Js]1)203(J=141)/03M 00003700

Q3T (Je1)=Q3T(Js1)FLUXO 00003710
Q3T(J=141)=2Q3T(J=141)=FLUXO 00003720

2220 CUNTINUE 00003730

c 00003740



(g Nel

c

2310

2320
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HORTZONTAL ADVECTINON OF EQUATINN NF MOT NN

FXCN=TEXCD/12.

FXCO1=TEXCO/ 26,

DN 2320 1=1,1IM

IP1=MOD(1,1M)+]

TMI=MOD( T+ TMM2, IM) +

DD 2310 J=2,4M
FLUX!FXCO‘(PU(JoI)¢PU(J-|oI)*PU(J.IMI)#PU(J-I.IHI))
FLUXUEFLUX¢(U(J01oL)#U(JoIHloL))
UTUdoToL ) =UT (el 4L)+FLUXU
UTUdeIMLoL ) =UT(JeIMI L) =FLUXU
FLUXV=FLUX‘(V(J.loL)*V(JolHloL))

VT(deTol)eVT (Jel4L)+FLUXYV
VT(JoIML L) =VT(JyIMI 4 L)=FLUXV

DN 2320 J=2,JMM]
FLUX'FXCU‘(PV(J.])OPV(Jolpl)*PV(J*I.I)*PV(J#].IPI))
FLUXU'FLUX‘(U(J.IoL)*U(J*IoloL))
U'(J‘lolol)*“T(J#loIQL)*FLUXU

UT(de Lol b =UT (el 4L )~FLUXU
FLUXV'FLUX‘(V(J'IOL)¢V(J"'IOL))

VI(Jelolol )=VT(JalyI4L) +FLUXV

VI(Jelol )=VT(JeTol)=FLUXV
FLUX'FXCOI"PU(J.')OPU(JQIHl5¢PV(J01)*PV(J*IQI))
FLUXU'FLUX‘(U(J’IO'oL)#U(JolHloL))

UTUd41 014l )2UT (e, 140 ) +FLUXY

UT(Jy IMLoL)=UT (U IMI oL )=FLUXY
FLUXV*FLUX‘(V(J#I.'.L)OV(JoIHlnL))
V'(J#loloL)SVT(J*loloL)¢FLUXV
VI(JeIMLoL )=V (S IM1,L)=FLIXV
FLUXSFXCﬂli(-PU(JoI)-PU(J.IHI)0PV(J01)‘PV(J4101))
FLUXUSFLUX‘(U(J410|HIQL)OU(JoIoL))
U'(J#lol"loL)’U‘(J#lolMloL)#FL“X“

UT(de Lol ) =UT (s T4L)=-FLUXU

FLUXV'FL“X‘(V(J". IMLoL)+VideleL))
VT(J*I.'HIQL)'VT(J41ol"loL)*FLUXV

VI(de Lol )=VT (el oL )~FLIXV

00003750
00003760
00003770
00003780
00003790
00003800
00003R10
00003R20
00003830
00003840
00003850
00003860
00003R70
00003R80
00003890
00003900
00003910
00003920
00003930
00003940
00003950
00003960
00003970
00003980
00003990
000064000
00004010
0004020
000064030
00004060
00004050
000.4060
00004070
0000640R0
00004090
00004100
00004110
00006120



OO

2400

2410

2611

2402

2405

~272~

CONTINUITY EQUATION

D0 2400 I=1,1M
TML=MOD(T+TMM2, [M)+]
D0 2400 Jy=1,JM

IF (JaEQal) CONVM==PV(2,]1)%0,5

IF (JeEQeJM) CONVM=PV(JMy1)%0.5

IF (JoGT4l JAND, JoLT,JM) CONVM==(PU(Js1) =PUL.,IM])

+PVIJ+101)=PVIJyI) )1%0,5

IF (LeEQJ1) CONVIJy]1)=CONVM

IF (LeEQe2) PV(Je))=CONVM
CONTINUE

IF(L.EQ.2) GO TO 2410

Ls2

60 TO 2150
CONT INUE

CONV IS MASS CONVERGENCE AT L=l AND PV IS THAT AT L=2,

PR1=0,0

PB2=0,0

PB3s0,0

PB4&20,0

00 2402 1=]1,1M
PR1=PBL+CONVI1,1)
PB23PB2+CONVIJIM,])
PB3sPB3+PVIL, 1)
PB4=PB&L+PV(JIM, 1)
PHIsFAL/FIM
PR23PB2/FINM
PB3I=PRI/FIM
PB4&=PB&/FIM

D0 2405 Is],IM
CONVI1,1)sPH]
CONV(JM, 1 )3PR2
PVilel)=PB3
PVIJIM,1)sPB4

D0 2420 Is],1M

DO 2420 J=),YM
PITSCONVIJel)oPVIJ,T)
SDEJe 1 )SCONV( Yy 1) =PV Jel])
PTlJol)'PY(J.I)+D!'PIT/DXYP(J)

00004130
00004140
00004150
00004160
00004170
00004180
00004190
00004200
00004210
00004220
00004230
00004240
00004250
00004260
00004270
00004280
00004290
00004300
00004310
00004320
00004330
00004340
00004350
00004360
00004370
00004380
00004390
00004400
00004410
00004420
00004430
00004440
00004450
00004460
00004470
000044A0
00004490
00004500
00004510
00004520
00004530
00004540



[l aNel

e Nelel

26420

2500

2510

~273-

ENERGY CONVERSINN TERM IN THFRMODYNAMIC ENERGY EQUATION

PL1=PTROP+SIG1#PIJ,1)

PL3=PTROP+SIG3I®P(J, 1)

PK1aPL 1#%2KAPA

PK3=PL3I*2KAPA

TETAM20,5%(T(Jy191)/PKI4T(Jy]42)/PK3)

TT(Jolol)ITT(JoIol)ODT‘(SlGl‘KAPA‘P(Jol)‘T(Jolol)*PIT/PLI
=SD(Jy I )*TETAMRPK] )

TT(J.I.Z)ITT(J.loZ)ODT‘(SIGB‘KAPA‘P(Jo|)‘T(Jolo?)‘PlT/PLB
+SD(Je 1 )XTETAMEPK D)

CONTINUE

VERTICAL ADVECTION OF MOMENTUM

FXCO=20,5*TEXCO

D0 2510 I=1,1IM

1P1aMOD(1,41IM)¢]

DD 2510 Ja2,UM
SDUIO.Z5‘(SD(J0])‘SD(JolPl)*SD(J-lol)OSD(J-loIPl))
1IF (J +EQ. 2) SOU=z0425%(SD(2,41)+SD(241P1))+SD(1,1)
IF (J «EQq JUM) SDU'O.25‘(SD(JM-19|)*SD‘JM-].'P]))*
VADaFXCO*SOU%{U (Jypl,o1)4U (Jele2))
UT(Je192)8UT(Js1,2)+VAD

UT(Jelel)aUT(Jel,41)=VAD

VADaFXCO*SDUR(V (Jely1)ev (Jelo2))
VT(Je142)=VT(Jy]le2)+VAD

VI(Jele1)=VT(Jyl,1)=-VAD

SD(JUM, 1)

RFTURN
END

00004550
00004560
00004570
00004580
00004590
00004600
00004610
00004620
00004630
00004640
00004650
00004660
00004670
00004680
00004690
00004700
00004710
00004720
00004730
00004740
00004750
00004760
00004770
00004780
00004190
00004R0N
00004810
00004820
00004830
00004840
00004A%N
00004R60
NONN&RAT0
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// DD
//

OO0

3110

SUBROUTINE COMP2

DISP=0LD¢DSN=MEST27,ABN.COMMNN
non .

JMM1agM-1

IMM23[M=2

FiMa|M

TEXCO=DT

IF(MRCH.EQs1) TEXCN=0,5%DT
IF (KEY(31)) TEXCO=DY
HRGAS=RGAS /2,

CORIOLIS FORCE

FXCO=0,1258TEXCO

DD 3140 L=l,2

DO 3110 I=1,1IM
IMI=MOD(1+1MM2, M)+
FD(1s1)=0,0
FOlJUM,1)=20,0

D0 3110 J=m24,yMM]
FO(Jo1)=2F(J)sDXYPIY)

~274-

2 250(UMIJp T ol ) el (e IMLoL)*UCIeL ol oL )oU(JeLoIMLoL))

. *{DXUIJ)=DXULJIe}))
00 3140 I=],IM

1M1 =MOD(1+1MM2,4IM) ]
DD 31640 J=2,JM

ALPHASFXCOS(P(Jo 1) 4P (=14 1) )8 IFED(Jo1)eFD(J=10]))
UTIJolol)=UT(deloL)*ALPHASY(Jy ], L)

UT (o IMLoL)SUT (U IMLoL)SALPHASY (JeIML,oL)

VTGJo Lol )aVT (Dol oL )=ALPHASY(Uyl,4L)

3160 VT(JoIMLoL)=VT(JoIMLoL)-ALPHASII(Jy IML,4L)

00004RAR0D
00004890
00004900
00004910
00004920
000049130
00004940
00004950
00004960
00004970
00004980
00004990
00005000
00005010
00005020
00005030
00005040
00005050
00005060
00005070
00005080
00005090
00005100
00005110
00005120
00005130
00005140
00005150
00005160
00005170
00005180
00005190
00005200
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C 00065210
C PRESSURE GRADIENT 00005220
C 00005230
3200 00 3340 L=],2 00005240
C 00005250
C COMPUTATION OF PHI 00005260
C 00005270
DO 3210 I=), M 00005280

D0 3210 J=],JM 00005290
PHIG=VPHIG (U, 1) 00005300

VPS )= PUJe1)90.25/(P(Jel)e0,25 + PTROP) 00005310

VP, 3= P(J.l)‘O.?S/(P(JoI)‘0.75 + PIROP) 00005320
VPK!*((P(J.l)t.ZSOPTRUP)/(P(J.I)‘.7SOPIRHP))-#KAPA 00005330
VPK3=] ,/VPK] 00005340
IFIL.FO,2) GO TO 3208 00005350
COEI-(VPSIoo.St(VPKB-l.t/xAPA)anGAS 00005360
CnE?-GVPSJOO.St(l.-VPKl)/KAPA)vHRGAS 00005370
PHI(J.I)-COEltI(J.I.lioCﬂF?‘T(J.I.?)oPHIA 00005380

GO 10 3210 00005390

320% COEB-(VPSI-O.S‘(VPKS-I.i/KAPA)‘HRGAS 00005400
COE*-(VPSS-O.S‘(l.-VPKl)/KAPA)tHRGAS 00005410
PHl(J.lt-CnEStt(J.l.l)oanktT(J.l.ztoPHIA 0006%420

3210 CONTINUF 000045430
c 00005440
C GRADIENT OF PH] 00005450
C 00005460
EXCH=0,25+nT 00005470
FXCOHl=0,5801 00005480

DO 3220 I=1,1IM 00005490

3220 PU(141)=0, 00005500
UD 3250 1=),1IM 00005510
IP1=MODI(1,1M)+) 00005520
IMI-MOD(IOIMNZ.IM)OI 00005530

D0 3250 J=2,uM 00005540
TFHPI-(P(J.IPI)‘P(JoI)) s (PNI(J.IPI)-PHI(J.I)) nonnssso
P(Jdel)=TEMP) 00004560
IFHPZ=(P(J.I)0P(J-I.I))'(PNI(J.I)-PNI(J-I.I))O"IU(J) 00005870
TFIMRCH .FO. 3) 6N TN 3230 00005580
TFIMRCH LFO, 4) GO TD 3740 00005590

C MRCH=: ] NR 2, CENTERFND IN SPACF, 00005600
VIGdolel ) =VT(Je ol )=FXCNSTEMP? 00005410
vt(JolMl.L)-VI(J.INI.L)-FxCOOIrMP? 00008620

G 10 32%0 00005430

(. MUCH=3, ODP=RJGHT UNCFNTFRED, 00005460
32130 VI(J.INIoL)-Vl(J.IMl.l)-FXCHIOIFMP) 00005650
GO 10O 3280 0000SAK0

C MRCHz4, NDOWNLEFT MWNCENTERED, 00005470
3240 vt(J.I.L)-vt(J.l.t)-bxcnlttpnv? 00005680
3250 CONTINDF 0000%4K90

C n000%700
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GRADIENT OF P
SIGMASPSALPHA IS STORED AT PMI

(e N e el

DN 3260 I=1,1IM
DO 3260 J=1,JM

3260 PHI(Jol"SIG(L"P(JvI"RGAS"(JQI'L’/(PTROPOSIG(L"P(Jol))
DO 3290 1=1,1IM
IP1sMOD(14IM)¢])
IM1=2MOD( 1+ IMM24 M) s1]
DO 3290 Ja2,JM
‘EMP]'(PHI(JQIPI)*PHI(Jol"‘(P(Jolpl"P(Jol”
PULJoI)=TEMPL4PU(J,1)
TEMPZ'(PHI(JOI’*PNI(J'IOI"‘(P(Jol'-P(J-lol')‘OXU(J’
IF(MRCH ,EQ. 3) GD TO 3270
IFI{MRCH LEQ, &) Gt TD 3280

C MRCH = | OR 2, CENTERED IN SPACF.
VItJol oL )aVT{Jyl4L)=FACOSTEMP2
VI(JoIMLoL)aVT (e IML 4L )=FXCOSTEMP2

G0 TO 3290
c MRCH=3, UP=-RIGHT UNCENTERFD,
3270 VT(JoIMLoL)aVT{JyIML4L)=FXCOL1STEMP2
60 T0 3290
C MRCH=4, DOWN=~LEFT UNCENTERED

3280 VT(JoloL)aVT{Jel4L)-FXCOLSTEMP?
3290 CONTINUE

CALL AVRX(11)

D0 3300 l=1,1IM
00 3300 J=2,JM
IF {MRCHGLEG2) UTCdel oL )=UT(JsleL )=-FXCO®OYU(J)

. (PULJeT)¢PULI=141))
TE(MRCHaEQe3) UT(UeloL)2UTIJeIoL)=EXCOLISDYULIISPULI,])
1F{MRCH.FQ,.4) UTEIe Tol)sUT{I4IoL)=FXCOLEDYUIIISPU({J=1,1)
3300 CONTINUE

X

00005710
00005729
00005730
00005740
00005750
00005760
00005770
00005780
00005790
00005800
00005810
00005820
00005830
00005840
00005850
00005860
00005A70
00005RA0
00005A890
00005900
00005910
001005920
00005930
00005940
00005950
00005960
00005970
00005980
00005990
00006000
00006010
00006020
00006030
000060460
00006050
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ENERGY CONVERSION TERM IN THERMODYNAMIC EQUATI’ |,
SIGMA*P®ALPHA IS NOW STUKED AT PHI

FXCO=0,1258DT*KAPA/RGAS
FXCO1=0,25*DT#KAPA/RGAS

DO 3320 l=),1M

IP1eMOD( 14 IM)e]

D0 3320 Je2,UMM]

1F(MRCH,LE,2) TENP-FXCO‘(U(J*loloL)‘DYU(JOI)OU(JoIoL)‘DV“(J)’
IF(MRCH,EOQ,3) TEMPeFXCOL®U(J+1y 1oL )*DYU(Je])

1F(MRCH.EQ,4) TEMP=FXCOL*U(JgloL)®NYU( J)

PUIJy1)=TEMP

CALL AVRX(11)

D0 3330 1=l,(M

I1P1eMOD (14 IM) e}

IMLeMDD( 1o 1MM2, 1M) e}

D0 3325 Je2,9MM)
PU(Jol"PU(Jol"(PHl(JolPl)OPHI(Jol))‘(P(JolPl)-P(Jol"
77(Jolplot"77(Jo|9loL’OPU(Joli
77(Jolol'I77(Jo|ol'09“(Joll

DO 3330 Jy=2,4M

IF(MRCHLE,2) 'EHPIFXCU‘UXU(J"‘V(JOIOL"V(JOI"IQL"
1F(MRCH,EQ,3) ‘PHP’FXCO[‘O'U(J"V(JOloL’
1FIMRCH.E0Q.4) ‘FNPIFXC“I‘DXU(J"V(JQl"loL’
7EHPn7FHPt(PH|(Jo|’OPHI(J'lol’)‘(P(Joli-P(J'lolil

TV Io Lol ) =TT (JgloL)oTEMP

TT(J=0 o Lol ) =TT (J=1g)lolL)¢TEMP

CUNT INUF

THIS IS THE END OF FORWAR( (R CENTERED TYPF OF TIME EXTRAPOLATION

00006060
00006070
00006080
00006090
00006100
00006110
00006120
00006130
00006140
00006150
00006160
00006170
0006061R0
00006190
00006200
00006210
00006220
00006230
00006240
00006250
00006260
00006270
00006280
00006290
00006300
00006310
00006320
00006330
00006340
00006350
00006360
00006370
00006381
00006390
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ADJUSTMENT AT THE POLES

DO 3415 | s=),8
lF(L-GT.l.AND.L.LT.b) GO 10 34)15
PB1=0,

PB2=Q,

D0 3405 I=],|M
PR1=PB140T(1,1,L)
PB2<PR240T( My ,L)
PB1=PBL/FIM
PR22PB2/F IN

DO 3410 J=1,|M
OT(ls1,4L)=pB]

QT (UM, 1L )=pB?
CONT INUE

Q3T (UM, 1) =pR2

RETURN TO UNNEIGHTED VARTABLES

DN 3460 Is],]M

00 3460 ys=],ym

FD(J.I)'PT(J.I)‘DIV?(J)

°3T(Jol)'03T(Jol)/FD(Jol)

DN 34670 Lsp,2

0N 3470 [s],IM

IP1=MOC( T, IM)e]

00 3465 Jy=], M

TT'JO'OL,'TT‘JO'OL,/FD'JO',

D0 3470 Jm2,ym
FDUIO.Zs‘(FD(Jol)0FD(J9|PIJOFDCJ‘IQIJOFD(J-IOIPI))
IF (J €0, 2) FDU'O.ZS‘(FD(Z.I)OFD(Zolpl))‘FD(lol)
IF (J B0, JM) FDUIO.ZS‘(FU(JN'Ivl)*FD(JH-lolPl))‘FD(JNol)
UT'Jolol)'U'(Jo;oL’/FD"

VT(JoloL)'VT(Jolol)/FDU

RETURN

END

00006400
00006410
00006420
00006430
00006440
00006450
00006460
00006470
000064A0
00006490
C.006500
00006510
00006520
00006530
00006540
00006550
00006560
00006570
000085A0
00006590
00006600
00006610
00006620
00006630
00006640
00006650
00006660
00006670
000066A0
00006690
00006700
00006710
00006720
00006730
00006740
00006750
00006760
00006770
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SUBROUT | NE

i AVRX(K)
/7%
// DD DlSP-ULO.DSN-HFS727.AHN.CHMMHN
// 00 L]
c THIS SURRNUTINE USES UTtlelel) AS A WORKING SPACF
C

JMM] = M=)

MM [M=2

JEeJM/24]

DEFFeDYP(JE)
0N 150 Je2,gMM]
ORATeDEFF/DXP(J)
IF (DRAT LT, 1.,) GO TN 150
ALP=0,125%(DRAT=],)
NMaDRAT
FNMaNM
ALPHARALP/FNM
0N 150 Ne],NM
DN 120 1e),IM
I1PLleMOD(],IM)e])
l"l'"ﬂﬂll‘l“"?ol""l
120 U"lolol|'°7'JoloK'0.LPHAOIO"Jo|P|oKl‘O'lJol“lOK"?..O'|J0|0K||
0N 130 1e],1M
130 OT{JeloK)oUT(1e161)
150 CONTINUE

FETURN
END

00006780
00006790
00004m00
00006A10
00004R20
00006830
00006R40
0N006AS0
00006860
00006870
00006KAN
00006R90
00006900
00006910
00006920
00006930
90006940
00006950
00006960
00004970
00006980
00006990
00007000
00onT010
00007020
00007030
00007040
00007050
con0T060
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S U B R O U T I N € 00007070

L COMP3 000070R0

/% 00007090
/7 DD DISP=OLDyDSNeMEST27 .ABN. COMMON 00007100
/7 no s 00007110
EQUIVALENCE (KKK,XXX) 00007120
LOGICAL NOOUT, ICE, LAND, 0OCEAN, SNOW,y KEY 00007130

C 00007140
TRANS(X)®]l,/(1,+1,75¢X%e,418) 00007150
TRSW(X)=]l,=,271¢X®e,30) 00007160

C 00007170
JMM] s M=} 00007180

IMM2= [M=2 00007190

JMM2 = M=2 00007200
IH=IM/2+] 00007210
FilMa]IM 00007220
SI1G1=SIG(1) 00007230
S1G3=5]G(2) 00007240
DS16=5163=-S1G1 00007250

C 00007260
GWM=30, 00007270
DTC3=FLOATINC3)*DT 00007280
RCNV=DTC3/TCNY 00007290
CLH!SBO.I.ZQ 00007300
PlOKu]1000,**KAPA 00007310
CT1=,00% 00007320
CTID=8,64E0eCT] ©0007330
HICE=300, 00007340
TICE=273,1 00007350

C 00007360
PM=PSL=PTROP 00007370
COEsGRAV*100,/(0,5¢PM*1000,%0,24) 00007380
CNE1=COE*DTC3/(24,%3600,) 00007390
SCALEU=COE*]100, 00007400
TSPDOsDAY/DTC)Y 00007410
SCALEPsTSPD*,5¢(10./GRAV)*]100, 00007420
CONRAD=180,/P] 00007430
CNRX=CONRAD®*,01 00007440
FSDEDY=SDEDY 00007450
SNOHN'(GO.'lso‘COSl09863'lFSDEDV’ZQ.bGB)/CDNR‘D))ICONR‘D 00007460
SNOWS==60, /CONRAD 00007470

C 00007480
C SURFACE WIND MAGWITUDE 00007490
C 00007500
00 10 I=1,IM 00007510

NN 10 J=2,yM 00007520
US'Z.“S'GS'U(J.loZ)'SlGl‘UlJolol))‘0.7 00007530
VS'Z.'(SlGS‘V(JoloZ)’SlGl‘VlJolol))‘0.7 00007540

10 FD(Jy1)=ySsusS + vSays 00007550
WMAGL1=SQRT(,5¢(FD(2:1)+FDI2,1H))) 00007560

WMAGJMESORT ( S*(FD(JUMyL)oFD(JIMyIH))) 00007570
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RAOIATION CONSTANTS

S0=28R0./RSOIST

ALCl=,7

ALC2=,6

ALC3=,6

STBO=1,171E-7

EFVC1=65,3

EFVC2=65,3

EFVC3=7,6
CPART'.5‘10307157

ROT = TOFOAY/ROTPER*2,0%*P]

HEATING LOOP

00 370 I=1,IM
IM1sMODO(T+IMM2,IM) ]
IP1=MOO(14IM)e]

FIMl=s]=]
HACOS=COSO*COS(ROT+FIMI*OLON)
o0 3560 Js)l,JM
CN52=SINL{J)*SINO+COSL(J)*HACOS

SURFACE CONOITION

TGO0=TOPDG(Js1)

OCEAN=TGO0O0.GT. 1,

ICE=TGOOLLFo~9,9F5

LAND=,NOT, (ICE.DR,DCEAN)

SNOW=LAND ¢AND 4 (LAT(J) oGE s SNOWNG DR LAT(J) o LE o SNOWS)
LANO=LANO,ANO. «NNT, SNOW

IF (oNOT,CTEAN) 202=VPHI&(Js1)/GRAV

ORAG COEFFJCIENT

IF (J «EQs 1) NMAG=WMAG]

1F J .EO. JM) WMAG=WMAGJM

IF (JeNEo14ANOoJoNEQJM) WMAGESQRT(425%(FO(Jyl1)+FO(Je1,1)
X SFD(JyIML1)eFO(Je1,IM1)))

ch = ,002

IF («NOT,NOCEAN) CO=CD+0,006%222/5000,

IF (OCEAN) CD = AMINL((1,04,07%WMAG)®,0014,0025)
CS = C0*100,

CS&4 = 0 24%(CS824,%3600,

FK1 = CD®(10,*GRAV)/(DSIG*PM)

00007580
00007590
00007600
00007610
00007620
00007630
00007640
00007650
00007660
00007670
00007680
00007690
00007700
00007710
00007720
00007730
00007740
00007750
00007760
00007770
00007780
00007790
00007800
00007810
00007820
00007830
00007840
00007850
00007860
00007870
00007880
00007890
00007900
00007910
00007920
00007930
00007940
00007950
00007960
00007970
00007980
00007990
00008000
0000R0O10
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PRESSURES

SPaP(Jyl)
CNLMR=PM/SP
P4aSP+PTROP
P4KaP4{eRKAPA
PL1=SIGl*SP+PTROP
PL2=,5%SP+PTROP
PL3aS1G3*SP+PTROP
PLIK=PL1##*KAPA
PL3KaPL3**KAPA
PLZ2K=PL2#**KAPA
PTRK=PTROP**KAPA
DPLK=PL3K~PL1K

TEMPERATURES AND TEST FOR DRY=-ADIABATIC INSTABILITY

T1aT(Jelyl)

T3aT(Jy142)
THL1=T1/PLI1K
THL3=T3/PL3K

IF (THL]1 GT. THL3) GO TO 310
XX1=(T1+T3)/(PLIK+PL3K)
TlaXX1#PL1K

T3aXX1#*pPL 3K

TlJelel)aT]

T(Jele2)aT)3
THL1=T1/PLIK
THL3=aT3/PL3K

MOISTURE VARIABLL.

ES1=10,0##(B.4051-2353,0/T1)
£S32]10,0%*(8,4051-2353,0/T3)
P1CBs,1#PL1]

P3CB=,1%PL3

P4CRu,1#P4
NS1=,622%ES1/(P1CB-ES])
053=,622%ES3/(P3CB-ES3)
GAM1aCLH#0S1%5418./T1##2
GAM3=CLH#0S3#5418,/T3%%2
Q3R=Q3(J, 1)

RH3=Q3R/0QS3

TEMPERATURE EXTRAPOLATION AND INTERPOLATION FOR RADIATION

ATEM=( THL3=THL 1) /DPLK
BTEMS(THL1#PL3IK=THL3I*PLIK)/DPLK
TTROP= (ATEM*PTRK+BTEM)*PTRK

T2 (ATEM*PL2K+BTEM) *PL 2K

00008020
00C08030
00008040
00008050
00008060
00008070
00008080
00008090
00008100
00008110
00098120
00008130
00008140
00008150
00008160
00008170
00008180
00008190
00008200
00008210
00008220
00008230
000{,8240
00068250
00008260
00008270
0000R280
00008290
00008300
00008310
00008320
00008330
00008340
00008350
00008360
00008370
00008380
00008390
00008400
00008410
00008420
00008430
00008440
00008450
00008460
00008470
00008480
00008490
00008500
0008510
00008520
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GROUND TEMPERATURE AND WETNESS

16=1600

HETll.O

IF {«NOT,OCFAN) T6=GT(Jy1)
IF (LAND) WET=GW{J,I)

LARGE SCALE PRECIPITATION

PREC=0,

IF (Q3R,LE,0S3) GO TO 1060
PREC=(0Q3R=0S3)/(1,4GAM3)
T3=T34CLH*PREC
THL3=T3/PL3K

Q3R=03R=-PREC

CONVECT 10N

1060 TETAl=THL1%P)OK

TETA3=THL3%P]0K

SS3 = TETA3*P4K/P 10K

$§82 = SS3 « OeS5*(TETAL-TETAB)#PL2K/P])OK
SS1 = $S2 + Os5%(TETAL=~TETA3)*PL2K/P1 0K
HH3 = $S3 + CLH%Q3R

HH3S = SS3 ¢ CLH®0QS3

HH1S = SS1 + CLH#*QS]

MIDDLE LFVEL CONVECTINN

C3 = 0.

EX = HH3 =~ HHLS

IF (EX4LEL.0.) 6N TO 1065

Cl = RCNV®EX/(2.4GAM])

C3 = Cl‘(l.#GAHl)‘(SS?-SS3)/(EX*(lo*GAMl)‘(SSl-SSZ))

PREPARATINN FOR AIR~EARTH INTERACTION

1065 2L3 = z000,
WINDFz2,04WMAG
ORAW=CD*WINDF
EDV=ED/IL3I*WMAG/ 10,

00008530
00008540
00008550
00008560
00008570
00008580
00008590
00008600
00008610
00008620
00008630
00008640
00008650
00008660
00008670
00008680
00008690
00008700
00008710
00008720
00008730
00008740
00008750
00008760
00008770
00008780
0000R8790
00008800
00008810
00008820
00008830
0000RR40
00008850
00008860
00008870
00008880
00008890
00008900
00008910
00008920
00008930
00008940
00008950



(e NeNaNal

c
c
c

-284-

DETERMINATION OF SURFACE TEMPERATURE

1070

RH4 =22 , *WET*RH3/ (WET+RH3)
EGE10,*#(8,4051-2353,/7G)

EG= AMINL(EG,P4CR/1.662)

0G=,622%EG/ (P4CB=-EG)

DOG=5418,%0G/TG#*#2

HHG=TG+CLHSQG*WE T

EDR=EDV/ (EDV+DRAW)
HH4=EDR*HH3+ (1 ,~EDR ) *HHG

GAMGsCLH*DQG
76'(HHA-RHQ‘(CLH‘QG-GAMG#TGll/(l.*RHk*GAMG)
IF (T&4®P1OK/P4K,GT,TETAY) Ta=TETA3*P4K/P] 0K
Q4=RH4*(QG+DOG*(T4=TG) )

HH4=T4+CLHEQ4

PENETRATING AND LNW-LEVEL CONVFCTION

1076

1077

pCl'OQ

PC3=0,

EX=0,

IF (HH4 ,LE, HH3S) GO TO 1077

IF (HH3 .GT, HH1S) GO TO 1077
EX = HH4-HH3S

HH4P s HH4

HH4 = HH3S

IF (HH4P LT, HHIS) GO TO 1076
ETA = ],

TEMP] = ETA‘((HHBS-HHIS)/(l.*GAMIDOSSl-SSZD
TEMP2 = ETA%(S552-553) « (553-T4)
TEMP » EDRETEMPL+(]1,+GAM3)*TEMP2
IF (TEMP LT, ,001) TEMP=,001
CONVP s RCNV*EX/TEMP

PCl = CONVP*TEMP]

PC3 = CONVP * TEMP2

ToaT4<EX/(]1,4RHGSGAMG)
Q4= (HH&=T4 ) /CLH

RO4=P4CB/(RGAST4)
CSENsCS4*R0O4*WINDF
CEVA=CS*R0O&%W INDF

00008960
006008970
00008980
00234990
00009000
00009010
00009020
00009030
00009040
00009050
00009060
00009070
00009080
00009090
00009100
00009110
V0009120
C0009130
00009140
00009150
00009160
00009170
00009180
00009190
00009200
00009210
00009220
00009230
00009240
00009250
00009260
00009270
000092480
00009290
00009300
00009310
00009320
00009330
00009340
00009350
00008360
00008270
000093A0
00009390
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CLOUDINESS

ICLOUD=]

CL=0,

CL1=0,

CLZ.OQ

CL3=0,

CLT=0,

CLEAMINI(=1,342,6%RH3,1,)

IF (Cl.GT.O..OR.PCl.GT.O.) CL1=CL

1F ‘PREC.G1o0oo‘NOQCLl-F°o0.’ CL2=1,
1F (EX.GT.O..AND.PC].EO-O.) CLa=CL

IIIUIIIIIIIIIII-IIIIIIIIIIIIIIIIII=IIIIS=IIIIIIIIIIIIIIIIII=II

|

| |
| sEse s |
| * * |
I . |
| * . |
| - . R )
| * * * * |
) - * * - |
| - ] * - )
) * * * * ssEeees )
| ey sEsE L2 S i ] |
| |
| cLl CL2 CL3 |
| |
=

lllllltll.lll.ll--lllllllnl::lzcsn.:..lll:llll.lllll.lll!ll::
CL=AMAX]1(CL1,CL2,CL2)

IF (CL «GFqe 1¢) ICLOUD=]

1F (CL LT, ) |8 +AND, CL 6T, 0.) lCLn”D'Z

I1CLOUD=1 CLEAR, 1CLOUD=2 PARTLY CLOUDY, ICLOVD=3 OVERCAST

00009400
00009410
00009420
00009430
00009440
00009450
00009460
00009470
00009480
00009490
00009500
00009510
00009520
00009530
6J009540
(0009550
00009560
00009570
00009580
00009590
00009600
000096) 0
00009¢20
00009630
00009640
00009650
00009660
00009670
000096R0
00009690
00009700
00009710
00009720
00009730
00009740
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C LONG WAVE RADIATION 00009750
C 00009760
1080 Q3RRSAMAX1(Q5R41.E~5) 000097170
VAK-?.»ALOG(l.7lBBE-b/03RB)/ALﬂG(120./9L3) 000G9780
TEM1s,00102%PL3%225Q3RB/VAK 00009790
TEM2STEMI®(P4/PL3) *8VAK 00009800
EFV3sTEM2-TEM] 90009810
EFV2=TEM2-TEML*(PL2/PL3)*sVAK 00009820
EFVIaTEM2=-TEMI®(PL1/PL3)*8VAK 00009820
EFVTISTEM2-TEM1I* (PTROP/PL3) **VAK 00009840
EFVORTEM2-TEMLI®*(120./PL3)#8VAK+2,526E=5 00009850
BLTsSTBD®TTROP*w4 00009860
BL1=STBO*T1%%s 00009870
BL2sSTBO* 12854 00009880
BL3sSTBO*T3sss 00009890
BL4SSTRON*TGes 00009900

C LONG WAVE RADIATION 00009910
ROCs=0, 00009920
R2Cs0, 00009930
R4C=0, 00009940
URTsBLT*TRANS(EFVO=EFVT) 00009950
UR2=BL2*TRANS(EFVO=-EFV2) 00009960

GO TO (1090,1090,2000), I1CLOUD 00009970

1090 R00-0.82*CURT¢(BLA-BLT)*(l.orhANS(EFVT))/2.) 00009980
RZO-O.736‘(UR2¢(BL6-8L2)t(l.oTRANS(EFVZ))/2.) 00009990
R4OSBL4®{0,6%SQRT{TRANSIEFVO) )-0,1) 00010000

IF (ICLOUD +EQ, 1) GO TO 2015 00010010

2000 IF (CL2 JLE, 0.,) GO TO 2004 00010020
CLTsCL2 00010030
ROC-O.GZ*(UR!#(BLZ-ﬁLT)‘ll.#!RANS(EFVT-EFv?))/2.)*CLT 00010040
R2Cs0,736%UR2%CLT 00010050
R2Cs,5*R2(C 00010060

GO T0 2006 00010070

200¢ IF (CL3 ,LF, 0,) GO TO 2006 000100AR0
CLTsCL3 00010090
noc-o.aztcunroceLa-nLr»-«1.ornA~s«Eer-EFv3))/2.)tCLr 00010100
azc.o.135¢1ua2¢(aL3-st)t(1.41RANS(FFV2-EFV3))lz.l*CLT 00010110

2006 IF (CL1 .LE, 0s) GO TO 2010 00010120
CLMsAMAX]L(CLT~=CL140,) 00010130

C IN PRESENT VERSION, CLM AND THIS TEM ARE ALWAYS [ERD 00010140
TEMs=0, 00010150

IF (CLT oGV, 0,001) TEMsCLM/CLT 00010160
Roc-O.uzt(uarolﬁLl-aLT)*(l.‘IRANSGFth-EFVI))/2.)*CL1¢ROC*TEN 00010170
R2C=R2C*TEM 00010180

2010 ch-o.astl.254,75*TRANS(EFv3))*laLh-BLS)‘CL 00010199
2015 ROSROC+(1,~CL)*R0OO 00010200
R2sR2C+(1,-CL)*R20 00010210
R43R4C+(1.~CL)*R4O 00010220

DIRADS®4 #STBOSTG#»3 000102130
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SURFACE ALRAEDOD

IF (COSZ JLF. «01) GD TO 340

SC0S2=50*C0S2

ALS=,07

1F (OCEAN) GO T0O 335

ALS'.“

1F (LAT(J) LT, SNOWN) GO TO 327
CLATs({LAT(J)=SNOWN)*CONRAD

GO T0 330

IF (LAT(J) +GT, SNOWS) GO TO 32R

CLAT= (SNOWS=LAT(J))sCONRAD

ALSB4S5% (] o+ (CLAT=10,)%%2)/({(CLAT=20,)222+(CLAT=10.)%2%2)
GN TO 335

1F (LAND) GO TO 335

CL“.OQO

ALSE (62 (1o ({CLAT=5,)222))/({CLAT=45,)2%2+((CLAT=5,)%%2))

SOLAR RADIATION

ALAOSAMINL(149e0B5=,26T*ALDGLOICNSZ/CNLMRY))
SA=,349%5C0S2

§S=SC0S2~SA

ASOTesSA=TRSW((EFVO-FFVT)/CNS2)
AS2T=SA»TRSWI{(EFVO=-FFV2)/C0S7)

FS2C=0,

FS4C=0,

S4«Cs=0,

GO TO (336,336,337), ICLOUD

00010240
00010250
00010260
00010270
00010280
00010290
00010300
00010310
00010320
00010330
00010340
00010350
00010360
00010370
00010380
00010390
00010400
00010410
00010420
00010430
00010440
00010450
00010460
00010470
00010480
00010490
00010500
00010510
00010520
060010530



c

C

c

C

c
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336

337

338

339

341

340

~-288-

CLEAR
FS20sAS27
FS40=SA*TRSW(EFV0/COSZ)
SQOI(l.'ALS)‘(FSQO¢(lo-ALAO)/(l.-ALAO'ALS"SS)
IF (ICLOUD +EQ. 1) 6O TO 341}
LARGE SCALE CLOUD
IF (CL2 (LE. 0,) GO TO 338
CLT=CL2
FS2CsAS2T»CLY
TE"S'SA‘(].'ALCZ)‘TRSH((EFVO-EFVZ)/COSZOlobb‘(EFVCZOEFV3))
FS4C=(TEMS+ALC2*AS2T)oCLT
ALAC®ALC2+ALAO=-ALC2#*ALAD
SQC'(‘.'ALS)‘(TE”S/(l.-ALCZ“LS)*‘l.'AL‘C)/(l.'ALAC‘ALS)‘SS)‘CLT
GO T0 339
LOW LEVEL CLOUD
IF (CL3 LLE. 0.) GO TO 339
CLT=CL}
FS2C=AS2T*CLT
TEMUs (EFVO=-EFV3)/COS2
TEHS'SA“l.'lLC!)‘TRSH(TE”UOlobb‘(EFVC3¢EFV3))
FSQC'(TE”SOQLC3‘S“TRSN(TE”U))‘CLT
ALAC=ALC3+ALAO-ALC3%ALAO
S‘C'(l."LS)‘(TE"S/(l."LC3“LS)¢(l."LAC)/(l.'ALAC‘ALS)‘SS)‘CLT
THICK CLOUD
IF (CL1 +LE. 0,) GO TO 34}
CLM=AMAXL (CLY=CL1,0,)
IN PRESENT VERSION, CLM AND THIS TEM ARE ALWAYS ZFRO
TEM=0,
IF (CLY .67, 0,) TEM=CLM/CLY
TEMU= (EFVO=EFV] ) /COS2
TE”BI‘LCI‘T“SW(TE”")‘S“CL‘
FSZC'SA‘([."LCI)‘TRSH(TE"U*I.Ob‘FFVCl)‘CLI’TEHB*FSZC‘TEN
TE”S'SA‘(l."LCl)‘TRSH(TE"U*[.&G‘(EFVCI*EFV3))
FSOCeTEMSHCL1+TEMB+FSAC*TEM
‘L‘C"LC[*‘L‘O"LC]“L‘O
S‘C'(lo"ALS)‘(TENS/‘l.-AtCl“LS)
X «+ (lo"LAC)/(l."L‘C“LS)‘SS)‘CL]*S‘C‘TE"
MEAN CONDITION
FS2=FS2C+(1.~CL)*FS20
FS4=FS4C+(1,-CL)SFS40
S4=S4C+(1,=CL)*S40
AS1=ASOT=-FS§2
AS3eFS2«FS4
GO TO 348
$4=0,0
AS3=0,0
AS120,0

00010540
00010550
00010560
00010570
00010580
00010590
00010600
00010610
00010620
00010630
00010640
00010650
00010660
00010670
0001C680
00010690
00010700
00010710
00010720
00010730
00010740
00010750
00010760
00010770
00010780
00010790
00010800
00010810
00010820
00010830
00010840
00010850
00010860
00010870
00010880
00010890
00010900
00010910
00010920
90010930
00010940
00010950
00010960
00010970
000109A0
00010990
00011000
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COMPUTATION OF GROUNO TEMPERATURE

TGR=TG

IF (OCEAN) GO TO 347

BRAO=S4-R4

YEH-O.

IF (1CE4ANO,222.,LT7,.0,1) TEM=CTID/HICE
AI'CSEN‘(VQOCLH‘(060H57‘(OOG‘TG-QG)))
A2=BRAD ¢4, #BL4*TEMST] CE
BleCSEN®{]1,¢CLH®0QGSWET)

B82sDIRADCTEM

TGR=(AL+AZ)/(Bl+R2)

IF (LAND.OR,TGR,LT,TICE) GO TD 346
TGR=TICE

DR&=DIRAD*({TGR=TG)

R4=R4eDRG
R22R24,8%(1,~CL)®TRANS(EFVZ)*0R4
RO'ROQoB‘(lo'CL)VfﬂlNS(EFVV)‘DRQ
GT(Jel)=TGR

SENSIBLE MEAT (LY/DAY) ANO EVAPORATION (GM/CMe22/SEC)

E4aCEVA® (WET (0G+DOGH (TGR=TG ) )=04)
F4xCSEN*(TGR=T4)
FX=RO4*FK ] *WINOF

TOTAL MEATING AND MOISTURE BUDGET

ON'(CIOCBOPCIOPCBD/CLHOPRFC-Zo‘EQ‘DICB‘GRAV/(SP‘IO.)
038J41)203(0,1)~0ON

IF ((NDT.LAND) GD TO 350

RUNOFF=0,

lF (oN.G'.o. .AND. HEI.LT.I.) RUNOFF-.5‘HEY

'F ‘o“.GT.o. .‘ND. VE'OGEQlQ, RUNOFF".

MET = GV(J.I)0(l.-RUNﬂFF)‘ON‘5.‘SF/GRAV/GHN

1F (HET.GT.I.) WET = ),

IF (WET.LT,0,) WET s O,

GWiJel) = WET

IF (03(Je1)elT,0.) 031(us1)m0,

IF (KEY(31)) GN TO 380
Hl={AS14R2=RO)*COE]*LOLMRCL+PC]
H;-f‘SBOR5-R20FQ'.COEl‘COL”ROCBQPCBQPREC.CLN
HiJolel )n0,58(HIe¢H3)

TEMPRQ S8 (H]l~H]3)

TiJdelod)aTldelol)eTENP
Tldele2)2T(Uel42)=TEMP

00011010
00011020
00011030
00011040
00011050
00011060
00011070
00011080
00011090
00011100
00011110
00011120
00011130
00011140
00011150
00011160
00011170
00011180
00011190
00011200
00011210
00011220
00011230
00011240
00011250
00011260
00011270
00011280
00011290
00011300
00011310
00011320
00011330
00011340
00011350
00011360
00011370
00011340
00011390
00011400
00011410
00011420
00011430
00011440
00011450
00011460
00011470
00011480
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C 00011490
C SURFACE FRICT1ON 00011500
C 00011510
352 IF (J .Fq, 1) GO T0 358 00011520
CULMR'Q.‘PM/(P(Jol)‘P(Jolpl)*P(J'lol)OP(J-l.lpl)) 00011530

00 355 K=),2 00011540
Kle28K 00011550
K2=X]l+]) 00011560
TEHP'O(JoloKI)-O(JoloKZ) 00011570
O(JoloKl)'O(JoloKl)-FN‘TEMP‘COLMR“Z‘DTC3 00011580

355 Q‘JQIQKZ)'O(JoloKZ)O(FM‘TEMP‘CULMR-FK‘(O(JoviZ)-o5‘TEMP)‘o7) 00011590
+ *COLMR*DTC3 00011600

C 00011610
358 CONTINUE 00011620
C3i58 )F (NOOUT) GO TO 360 00011630
C 00011640
C PACK FOR OUTPUT 00011650
C 00011660
HH'SD(Jol)‘3600./(2.0‘0!VP(J)) 00011670
SC‘LE'SC‘LEU‘COL“R 00011680
KKKDIPK(IFIX(ASI‘SCALF).lFlX(AS3‘SCﬂLE)) 00011690
TT(JIelp 1) axxx 00011700
KKK'IPK(lFlX((RZ-RO)‘SC&LF)QIFIX((RQ-RZ)‘SCALE)) 00011710
VTlJele2)mxxx 00011720
KKK'IPK(lFlX(F*)olFlX(Eﬁ‘lOOo‘3600.‘24o)) 00011730
TT(Jele2)axxx 00011740
KKK'IPK(lFlX(Tﬁ‘lOo)olFlX(PREC‘SCALEP‘SP)) 00011750
Q3T(Jy1)=xxx 00011760
KKK'IPK(lFlX(EX‘IO.)olFlX((Cl¢C3OPC109C3)‘SP‘SCALEP/CLH)) 00011770
UT(Js192)axxx 00011780
KKK-IPK(lFlX(Hl‘lOO.#DAV/DTC3).lle(H3tIOO.‘DAVIDTC3)) 00011790
PTlJol)axxX 00011800
KKK'IPK(IFIX(SQ/IO.).lFlX(HN‘IOO.)) 00011810
SOtJel)axxx 00011820

360 CONTINUE 00011830
370 CONTINUE 00011840
375 on 377 I=l,IM 00011850
00 377 J=)l,ym 00011860

31t "‘Jolvl)'H(Jolvl)‘DXVP(J) 00011870
C 00011880
0N 390 le=),IM 00011890
1PlaMOD( ], 1M)et 00011900
lNIINOO(IOIHHZolniﬁl 00011910

D0 380 J=2, yMuM] 00011920
TE"P'("(J*!;l“lol)*?o‘H(J¢lolol)*H‘J¢lo|plol) 00011930

(A +2.%H(JoIM1,41) ‘6.‘H‘Jo|ol)‘Zo‘H(Jvlplol) 00011940

& 0"(J‘lo|“lol)‘3o‘H(J‘lvlol)*N(J‘lolplol))/(lb.‘DXVP(J)) 00011950
T‘Jolol)'t‘Jolol)‘rfNP 00011960

380 T‘Jolo?)'T(Jolo2)075np 00011970
7‘]0'0])'7(10]01)*“(lolol)/DXVp(l) 00011980
Tll.loZ)-T(l.lo2)¢H(l.l.l)/DXVP(l) 00011990
T(J“olol)'7(J“olol)*H‘J"olol)/”XVP(J“) 00012000

390 T(J“oloZ)lr(J“ole)ﬁﬂlJNolol)/DXVP(JN) 00012010
400 RETIRN 00012026

END 00012030
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COMP4

// DD DISP=0LD,DSN=MFS727.ABN, COMMON

//
C
C

20
25

OO0

30

Do

*

DTC3=DT*FLOATI(NC3)

SI1G1=S1G(1)
S163=S16G(2)

DS1G=S1G3-S1G1

JMM Y =gM-]
JMM2a M =2
IMM2 = [M=-2
FIM=IM

TSPD=DAY/DTC3

IF(A.EQ.0,) GO TO 92

DO 25 I=]l,1IM

DO 20 J=2,JM

PV(Jy1)=DXYP(
PVIly1)=DXYP(

DIFFUSION OF
DD 30 I=1,1IM

1P1=2MOD(1,1IM)
DO 30 J=2,JM

PUIJe1)m0,25%(PVIJeT)+PV(U=141)14PV(JsIPL)+PV(U-1,1P1))

DO 90 K=2,5
Kl=K=MONIK,2)

JI*P(Jy 1)
11%P(1,1)

MOMENTUM

+]

FLaMOD(Ky2)%2+1]

SIGCD=FL/2,

DO 40 I=),1IM
1PY=MOD(T,41IM)
DO 40 J=z2,JM

+1

40 PV(Je1)aSIGCOX(P(JeIP1)4P(U=141PL)=PlUsl)=P(U=-141))

*
%

JUPIJyIPLI4P (U1 IPLI4P(Ugl)4P(U-141))
B(Q(JeloK1)=Q(JoleK1+1))

00012040
00012050
00012060
00012070
00012080
00012090
00012100
00012110
00012120
00012130
00012140
00012150
00012160
00012170
000121R0
00012190
00012209
00012210
00012220
00012230
00012240
00012250
00012260
00012270
000122R0
00012290
00012300
00012310
00012320
00012330
00012340
00012350
00012360
00012370
00012380
00012390
00012400
00012410
00012420
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DO 50 Is)l,Im 00012430

IM1=MOD(T+IMM2,IM)+] 00012440

D0 SO0 Js=2, M 00012450

TEHP'DTC3"P'J0|)*P‘J‘lol))‘AXU(J"DVU‘J)/DXU‘J)‘O.5 00012460

* S0(JoloKI=QUUoIMYL KISPVIJo L )+PV( U, IM1)) 00012470
QlJoloK)BQUJg1oK)=TEMP/PU(J,1) 00012480

Q'J'l"loK)'Q‘Jol"lQK)OTENP/PU‘JQl"l) 00012490

D0 60 I=],IM 00012500

IP1=MOD(1,4IM)+] 092012510

00 60 Jw2, M 00012520

PV(J.l)'SlGCO‘(P'JoIPl)#P(JoI)-P(J-lolpl)'P(J-lol)) 00012530

. FIP(JyIPLISP(Jel )P (U=141PL1)+P(J=1,1)) 00012540
* S(0(JeloK1)=Q(JolsK1+1)) 00012550
DO 80 [=),IM 00012560

IPLsMOD(IyIM)+] 00012570

DO 70 J=2, MM] 00012580

TENP'DTC3‘(P(J0lPl)*P(Jol))‘AVU(J)‘DXU(J)“3/DVU(J)‘O.5 00012590

- ‘((O(JﬁloloK)OPV‘JOlol))/DXU(J*!)-(O'JQloK)-PV'Jol))/DXU(J))OOOIZ6OO
0(J¢loloK)'Q‘J*loloK)'TEHP/(PU(J*lol)‘DXU(J#!)) 0C912610

QUIoloKIBQIJy o KISTEMP/(PU(IHT ) SDXU(J)) 00012620

TEMP'DTC3‘P(J".|)‘AYU(JN)‘DXU(JH)/DYU(J")‘(O(JH.loK)-PV(JHol)) 00012630

QUIMy I oK )IBQ( UMy T4 K)=TEMP/PU(JIM, 1) 00012640

TEMP'DTC3‘P(2.l)‘AYU(2)‘DXU(2’/DYU|2)‘(O'20loK)-PV(Zol)) 00012650

Q20 1¢K)m0U2,[4K)=TEMP/PU(241) 00012660

CONTINUE 00012670

CONTINUE 00012680

00012690

SMOOTHING LAPSE RATE 00012700

00012710

DO 100 I=1,IM 00012720

00 100 J=1,JM 00012730

TO(JoI)mUT(Jol02)=T(Jdelol))}%.5/P(Jyl) 00012740

00 110 [I=],IM 00012750

IMlaMOD(I+IMM2,IM)+]) 00012760

IPL=aMOD(I,yIM)+] 00012770

00 110 J=2,4MM] 00012780

TDBAR = (TD(J+1,IML)+2,8TD(J+),1)+ TO(J+]1,1P1) 00012790

2 *2,5TD(JeIML)  +44,2TD(Jy1)  +2,2TD(JsIP1) 00012800
3 * TO(J=19IM1)42,8TD(U=1,1)¢+ TDGJ=1s1P2))/16, 00012810
TOSMa(TD(Jo 1)+ (TOBAR=TD(Jo1))/TSPOI#P(JyI) 00012820

TBAR®(T(Jel102)+T(Je141))s,5 00012830

TiJdels1)=TBAR=TDSM 00012840

T(Je1+2)aTBAR+TDSM 00012850

RETURN 00012860

END 00012A70
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S U B R O U T § N E 00012880

*  INPUT 00012890

/* 00012900
// 0D O1SP=OLDy\NEMEST27, ABN, COMMON 00012910
// Do » 00012920
€ 000i2930
EQUIVALENCE (XXX (KKK ) 00012940
DIMENSION C1(800), IC1(800), 1C(BOD)s ALPH(S8) 000%2950
EQUIVALENCE (OT(14141004C1I1I(ICIILNY, (CIL)plCL1Y) €0012960
LOGICAL Juwe 00012979
INTEGER KSET(32), BLANK/Y 1/ 00012980
EOUIVALENCE (XLEV, ILEV) 00012990

c 00013000
C  INPUT PROGRAM 00013010
c PING=PONG RESTART/OUTPUT OPTION 00013020
c IF (KEY(11) ,OR. KEY(12)) GO To 75} 00013030
PI=3,1415926 00013040
SIG(1)w,25 00013050
SIG(2)u,75 00013060
DAYPYR=36S, 00013070
DECMAX=23,5/180,0%p | 00013080
ROTPER=24,0 00013090
EONX=173,0 09013100
APHEL=1R3,0 00013110
ECCN=0,0178 00013120

C HISTORY FILE 00013130
KTP=]] 00013140

C CHECKPOINT FILE 00013150
LTPa) 00013160

C DATA CARD IMAGE FILE 00013170
INU=S 00013180

C OUTPUT (MAP) STREAM 00013190
MYP=g 00013200

C 00013210
READ (1NUy50) 1D,XLABL 00013220

C t2) 00013230
c 00013240
C TRSTml, 1 RESTARYT USING NEW TAPF 00013750
C TERM=O, &t DO NOT TERMINATE OLD TAPE [F TRST=]. 00013260
READ (INU+BO) TAULO,TAULH, TRST, TFRM 00013270

IF (TRST,NE,0,0) KTP=]0 00013280
TAUL=TAUID®24 .+ TAUTH 00013290

C (3) 00013300
READ (INU,80) TAUD, TAUD, TAUHy TAUE, TauC 00013310
TAUE=24,0*TAUE 00013320

C t4) 00013330
READ (INU4B2) OTM, NCYCLE, NC3 00013340

C 5) 00013350
READ (INUS10) JM, IM, OLAT 00013360

C (6) 00013370
READ (INU,RO) AX 00613380

cC (7 00013390

READ (INURO) FMX, ED, TCNV 00013400
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(L))
READ (INU,BO) RAO, GRAV, OAY
(9
READ (INU,B0D) RGAS, KA&i'A
{10}
READ (INU,80O) PSL,y PTROP
(RO
READ (1WNULRO) PSF
(12) FOR POLAR MAPS, LATITUDE OF INSCRIRED CIRCLE
READ (INU,BO) ODLIC
13
READ (INU,BS) KSET
00 40 J=l,32
40 KEYS(JISRSET (J)oNELALAMK

0TesDYM®60,0

AsAXS®] ,0ES

TiMeln

DLATsDLAT®P]/180,0

OLONS2,08P1/F 1IN
FMsFMX®9,00001

RADsRAD®]1000,0
DaYe0AY®3600,0

CALL MAGFAC
READ (INU,1199) MARK
123 TRFAOVs,TRUE,
125 READ (KTP) TAUX, Cl
1F (TAUX LLT, 0,0' GO TO 13%
TAUsTAUX
TAUIODSIFIX(TAUX/24,)
TAUIHe TAUX=24,8TAUID
IF (KEY(9)) WRITE (MTP,9120) TAUID, TAUIM
Cl22) = C1122)
SOEDY = 1CL(29)
SNEYR s 1C1(30)
CALL OUTAPE(KTF,1)
1F (TAUX=TAUL) 125, 190, 190
135 BACKSPACE KTP
190 CONTINUE
IF ((TRSTLEQele) e AND (TERM,EQ,0,.)) GO TO 195
TAUXs~ARS (TAUX)
WRITE (KTP) Taux,C1
BACKSPACE KTP
195 CONTINUE
IF (TRST,E0.,0.0) GO TOD 202
REWIND KTP
KTPsll
WRITE (KTP) TAU,C
CALL DUTAPE (KTP,y2)
202 JUMPs  FALSE,

00013410
00013420
00013430
00013440
00013450
00013460
00013470
00013480
00013490
00013500
00013510
00013520
00013530
30013540
000135%%0
00013580
00013570
00013580
00013590
00013600
9013610
00013620
00013630
000138660
00013650
00013660
00013670
00013680
0001 3690
00013700
00013710
00013720
00013730
00013740
00013750
00013760
00013770
00013780
00013790
00013800
00013810
00013820
00013830
00013840
00013850
00013860
00013870
00013880
00013890
00013900
00013910
00013920
00013930



20%
206

250
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CALL IN1T21MmARK)
CALL INSHET

1F (Jump) G0 10 300
CONTINNE

1F (KEY(-20)) TaAl=24,
TaUl=TAN

WRITE (MTP,1200) 1D, XLABL

WRITE (MTP,120])) TAUI0TAULIH,TRST ,TAD]
WRITE (MTP,1201) TAUQ, TAUO,TAUM, TAUE , TAUL,
WRITE (MTP,120]) DIMDLAT cAX ¢ FMX oFD o TCNY
WRITE (MIP,1201) RlD.GR‘VQOIV.RGAS.KADl.PSL'PYROP'PSF»ﬂllC
WRITE (MTP32027 UM, IM{NCYCLE oNC3

WRITE (MTP,]1197) ax

WRITE (MTP,1)95) £N, TCNV

WRITE (MTP41196) FMX

TOFDAY=AMOD I TAULRUTPER )
WRITE (2) GW,y GV, TS, SN
REWIND 2

RETURN

FORMAT (215,F10,0)

FDRMAT (10A&)

FORMATY (129R8),2F)10,0,4484)

FORMAT (F10.0,218)

FORMAT (SF10,0)

FORMAT (32a))

FORMAT (6MO £D24FS 424/ IH0 TONVE G 65 ,0)

FORMAT (6MO FH"“O.?'ﬂH.".(’O()Ol’

FORMAT {6HO A oF&,2,9N100000,0)

FORMAT (213)

FORMAT (1X42+10,2)

FORMAT (*1TAPEYy14,' ODFS NOI CONTAIN THE STARTING TIME®)
FORMAT (*OSWITCHING FROM TAPE Y9126 TN TAPF 1,12)
FORMAT (1H],A6e2X,9h4)

FORMAT (9(1X4E12,5))

FORMAT (10(1X,15))

FND

00013940
000139%0
00013960
00013970
00013980
00013990
00014000
00014010
00014020
00014030
00014040
000]4050
00014060
00014070
000140A0
00014090
00014100
00014110
000614120
00014130
00014140
00014150
00014160
0001470
000141R0
00014190
00014200
00014210
00014220
00014230
00014240
00014250
00014260
00014270
00014280
00014290
00014300
00014310
00014320
00014330
00014340
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C
S U B R O U T 1 N E
® MAGFAC
/8
//7 D0 OISPSOLO . OSNSMEST27 ,ABN.COMMON
1 no e
C
2 EQUAL LATITUOE OISTANCE PROJECTION
JUN] o ygn=-]
FInsyn
FJESFIN/2,0¢0.5
00 410 J=2,JMn1
Fisy
410 LATIJ)SDLATO(FI=FJIE)
LAT(l)e=P]/2,0
LAT{JM)=P1/2,0
(4

00 415 Js2,Jm

415 DOYULJYIoRAOSILATIS)=LAT(J=1))
ovuil)i=sbYut2)
00 440 Jel,JM

420 OXP(J)eRAOSCOSILAT(J) )ODLON

00 430 Jy=2,JMm

430 OXU(J)0,50(0XP(J)e0XP(I=1))
OXUILl)eOXUI2)
00 440 Js2,umMn)

440 OYPLJ)I 0,50 (DYULJ*1)e0YULI))
OYPil)eDYU(2)
OYP(JIM) sOYU( JMN)
00 4435 Js2,jMN)

445 DXYP(J)®0.50(0XULJII+OXULI+]1))OOYPLY)
OXYP{1)s0XUI2)00YP(1)00,25
OXYPLIM)SOXULJIN) SOVYP(IN) 00,25
00 450 Je2,JMN]

450 F‘J,'zoo"lIOAV"l.OIOIV"J,""COS'L"'J‘I,’OCOS'LCY'J,’"OHUCJ,
O=(COSILAT(J))oCOSILATII*L))IOOXU(I*1))/2.0
"J“"200"'/0."‘..0/0!"'J“’"‘COS'L.Y‘J“’I,,0COS'L571J”,”
SO0XUV(IIN) /2,0
Fil)e=F(ym)

(o]

c USED IN COMPA ONLY
EXP104,0/3,0
00 42 Jye] ot
AXULJI)=AS{OXUIJ) /3, 0E3)00ExP)
AXVIJ)SAS(OXP(J)/3,0ES)00EXP]
AYULJ)sAS(OYULJ)/73,.0ES)00EXP]
42 AYVIJ) oA (DVYP{J)/3,0E5)90EXP]
RETURN
ENO

00014350
00014360
00014370
00014380
00014390
00014400
00014410
00014420
00014430
00014440
00014450
00014460
00014470
00014480
00014490
00014500
00014810
00014520
00014530
00014540
00014550
00014560
00014570
00014580
00014590
N0014600
00014610
00014620
00014630
00014640
00014650
00014660
00014670
00014680
00014690
00014700
00014710
00014720
00016730
00014740
00014750
00014760
00014770
00014780
00014790
00014800
00014810
00014820
04014830
(10014840
60014850
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U _8 R 0O U T 1 N &

b INSOET

// 0D D)SPsOLDNSN=MEST27 ,ARN, CI'MMON

/7/
c

411

aON

31

14

15

00 o
LOGICAL DCLK

00 411 Js),um
SINLIJ)ISSINILAT(J))
COSL(J)I=COSILAT(Y))

1F (KEY(11),0R.KEY(12)) 6O TO 15

1NUeS

READ (INUGT) CLKSW, RSETSW, LDAY, LYR
1F IRSETSHW (NE, RESET) GO TN |4
SDENYsLDAY

SDEYR s YR

OCLKe oFALSE,

CALL SOET

RETURN

OCLK= FALSE,

CALL SOEY

RETURN

FORMAT (A6o6XeAGebXe]3,7N,l14)
DATA RESET/4HRESE/¢ OFF/4HOFF /

END

00014860
00014870
000148090
00014890
00014900
00014310
0001420
00014930
000)4940)
00014450
00014960
00014970
000149080
00014990
00015000
00015010
00015020
000: %9030
00015040
00015050
00015060
00015070
00015080
00015090
00015100
00015110
00015120
00015130
00015140
00015) 30
00015i60
00015170
000151R80
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C 00015190
S U B R O U T | N [ 00015200

L4 SOETY 00015210

/e 00015220
//7 O DISPsOLD,DSN2MESTI27 ,ARN,COMMON 00015230
// DD = 0005240
C 00015250
DIMENSION 2MONTHI3,12), MONTH{12) 00015260
LOGICAL oCLK 00015270
MAXDAYSDAYPYR ¢ |,0E=2 00015280

IF (DCLK) SDEDY=SDEDY+]) 00015290

I1F (SOEDY .LE, MAXDAY} GO in 211 00015300
SNDEDY=SDEDY=MAXDAY 00015310
SDEYR=SDEYR+] 00015320

211 JOYACCs=0 00015330
00 251 L=),12 00015340
JOYACC=JOYACCOMONTH(L ) 00015350

1F (SDEDY ,LE. JDYACC) GO TN s} 0n01%360

251 CONT INUE 00015370
L=]2 00n15380

26] MNTHOY=MORTHIL ) =JOYACC +SDEDY 00015390
AMONTH(] ) sZMONTHILLL) 00015400
AMONTH(2)22MONTHI2,L) 00015410
AMONTH{3I)sZHMONTH{3, L) 00015420
DY=SDEDY 000156430
SEASON=(DY-EONX ) /DAYPYR 00015440
OIST={DY=APMFL }/DAYPYR 00015450

c 00015460
C EONX = JUNE 22 00015470
C APIHELION = JuLY | 000154R0
C ECCN= ORBITAL ECCENTRICETY 00015490
C 00015500
DEC'DFC"‘!‘COS(?.O‘P"SG‘SON' 00015510
RSDIS"(I.OOECCN‘COSIIoo‘Pl‘DIST'"‘2 00015520
SINDsSIN{DEC) 00015530
COSD=COS{DEC) 00015840

C 00015550
DATA IMONTM/® JANUARY FFRRUARY MARCH APRIL 00015560

X MAY JUNE JuLy AUGUST SEPTFMRER NCTOROOCISSTO

XER NOVEMBER DECEMBER Y/ 00015580

DATA HON'NI)I'28031030031o3003lo31030031'3003ll 00015590
RETURN 00015600

END 00015610
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c
S U KB A O U T I N F
L] INIT)
/0
/7 DD O1SP=OLN,NSNeMFST27 . ANN,COMMIN
// no .
c
c
2 THIS SUBROUTINE IS FOR COLD START INITIAL CONDITION,
c
RETURN
c
END
c
S U R R 0O U T 1 N E
] INLT? (MARK]])
/e
/7 DD DISPeDLD,DSN=MEST27 ,ABN ,CAMMON
7/ Do .
REAL METER
OIMENSINN HEIGHT (66)
LOGICAL FaM
c
INY = §
1F (MARK] LEQ, 0) GO YO 71
c
(& READ UNIT CARD FOR GEOGRAPHY
C

75 READ (INUL110) TEMSCL
IF (TEMSCL LFO, FAREN) GO TO Ré
IF (TEMSCL LFO. CENTIG) GD TO &b
STOP 19121

a6 FAH= ,TRUE,
GO T0 97

46 FAH= ,FALSE,
60 T0 97

19 WRITE (6,76)
STop

97 CONTINUE

00015620
00015630
00015640
00015650
00015660
00015670
00015680
00015690
00015700
00015710
00015720
00015730
00015740
00015750

00015760
00015770
000157R0
00015790
00015800
00015810
00015820
00015830
00015840
00015850
00015860
00015870
00015RR80
00015890
00015900
00015910
00015920
00015930
000159406
00015950
00015960
00015970
00015980
00015990
00016000
00016010



OO

[aXaNal

15

23

50

60
20
10
71
78

101
10
110
11
112
76

READ GENGRAPHY DECK
NCEANS SEA SURFACE TEMPERATURF
LANDS =84
SEA ICE CR LANO ICE: -96

00 15 ILs=),MARK]

READ 1INUL102) itUPOG(J-IL'oJ'loSS'vlLlo('OPOGlJoIL'oJ'§6030)0|l2
XolTOPOGIJIoIL) gJs3ie4b),itL3

TE (TLLANEGIL2RGIL2oNELIL3,OR,ILI.NELIL) GO TO 19
CONT INUE

00 23 ILsl, M

0N 23 JiLs]JM

IF (TOPOGIJULoIL) (LE., -64,0) 6O TO 23

I (FAM) TOPOGIJIL IL)IS(TOPNSGIJL.IL)=32,0)%5,/9,
TOPOGIJIL »IL)=TOPOGIJL o IL)*273,0

CONT INYE

CNST=GRAV®30,48

MCSTs),

READ UNIT CARO FOR TOPNGRAPHY

READ (INUL110) MSCL

IF (HSCL oNE, FEET .AND, HSCL NE. METER) 6O 10 7R
IF (HSCL €0, MFTER)INCST=239,39/120.

CNSTsCNSTONMCST

DO 10 Is)MARK]

READ TOPNGRAPKHY DECK
READ (INU4101) (HMEIGHT(J) odx1:25)0 1L o (HEIGHT(J) ¢ Ja26¢JM) L2
IF CIL1 (NE. IL2 OR, IL]1 NF, 1) GO TO 19
00 20 Jsl,JM
IF (TC2DG(Je1)+64,0) 60,50,20
TOPOG(Je 1) ==HEIGHT(J)OCNST
G0 10 20
TOPOG(Je 1) m=(HEIGHT(J)OCNST+10,ES5)
CONT INUIE
CONTINUE
RETURN
WRITE (64112) WSCL
STOP 19122

FORMAT (25F3,041X¢14/21F3,0,13X¢14)

2 FORMAT ('SFael o IfXo12/15F6,1,18Xe12/16F6,1016%e12)
FORMAT ,a6)

1 FORMAT (1M146X42A6440H NOT RECOGNIZFD AS TEMPERATURE CONTROL.
FORMAY (1H106X42A6,36M NOT RECOGNIZED AS MEIGHT CONTROL. )

00016020
00016030
00016040
00016050
00016060
00016070
00016080
000186090
00016100
00016110
00016120
00016130
00016140
00016150
00016160
00018170
000161R0
00016190
00016200
00016210
00016220
00016230
00016240
00016250
00016260
00016270
000%62R0
00016290
00016300
00016310
00016320
00016330
00016340
00016350
00016360
00018370
000163R0
00016390
00016400
00016410
00016420
00016430
000164460
00016450
00016460
100016470
000164R0

FORMAT (///69H GENGRAPHY DATA SEQUENCE ERRORe RELOAD GENGRAPHY DECK00016490

9 AND PUSH START.///7)
OATA FAREN/&HFAHR/¢CENTIG/4HCENT/ oFEET/GHFEET/ 4METER/GHMETE /

END

00016500
00016510
00016520
00016530
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®, MAP PROGRAM LISTING

To facilitate the output of the primary dependent variables and
auxillary physical quantities, a number of routines for the production
of analyzed maps have been prepared. Examples of these maps have been
given in Chapters III and IV. The FORTRAN listing of the complete set
of map routines is given below, with the cards in the program numbered
sequentially for easy reference. £ach of the map subroutines auto-
matically computes the zonal average at each grid latitude, as well
as the global average. The maps 2, 3, 4, 6, 8, 17, 18, 21, 27, and
28 may be produced for an arbitrary tropospheric o or p surface by
interpolation or extrapolation of the solutions at the basic levels
o= 1/4 and 0 = 3/4, while the other maps refer only to fixed levels,
layers, or quantities.

It may be noted from the model description (see Chapter III)
that while the primary dependent variables are computed each time
step, the source or forcing terms (such as the Jiabatic heating) are
computed every fifth time step. In order that any of the maps, wheth-
er involving a dependent variable and/or forcing term, may be pre-
pared at oy time selected for map output, portions of the subroutines
OUTAPE, VPHI4, AVRX, and COMP 1 have been made part of the map pro-
gram, a new subroutine MAPGEN has been written, and a substantial
portion of the subroutine COMP 3 has also been incorporated. In this
way those maps involving heating or precipitation, for example, are
explicitly computed from the data at the time requested for map output.

The complete list of maps and the levels associated with their
output (in o coordinates) is shown helLw; examples of those maps marked
by an asterisk (*) are given in Chapter IV, with Map 5 given in Chap-
ter III, Section F,

)
Map 1: Smoothed sea-level pressure (o = 1)

*

Map 2: Zonal wind component (C < 0 s 1)

®

Map 3: Meridional wind component (0 < o0 < 1)

*
Map 4: Temperature (0 < o < 1)



Map
Map
Map
Map
Map
Map
Map

Map

Map
Map
Map
Map
Map
Map
Map

Map

18:
19:

20:

22:
23:
24:
25:
26:

28:
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Topography (sea-surface temperature, land elevation, ice
distribution)

Geopotential height (0 < o < 1)
Unsmoothed sea-level pressure (o = 1)
Total diabatic heating (0 s 0 < 1)
Large-scale precipitation rate

Sigma vertical velocity (o = 1/2)
Relative humidity (o = 3/4)
Precipitable water

Convective precipitation rate
Evaporation rate (0 = 1)

Sensible heat flux (o = 1)
Lowest-level convection (0 = 1)

Wind direction angle (0 s 0 < 1)

Wind direction vectors (0 < o < 1)
Long-wave heating in layers (o = 0 to 1/2, ¢ = 1/2 to 1)

Short-wave absorption (heating) in layers (c = 0 to 1/2,
o=1/2 to 1)

Wind magnitude (0 < 0 < 1)

Surface short-wave absorption (heating) (o = 1)
Surface air temperature (o = 1)

Ground temperature (o = 1)

Ground wetness (o = 1)

Cloudiness (high, middle, low)

Pressure at sigma surfaces (0 < 0 < 1)

Total convective heating in layers (0 = 0 - 1/2, 0 = 1/2 - 1)
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®
Map 29: Latent heating (¢ = 1/2 to 1)

*

Map 30: Surface long-wave cooling (o = 1)

*
Map 31: Surface heat balance (0 = 1)



C““““‘#‘“““““““““‘
C“““““““““““t““‘t‘

C»
Cs
C»
C»
C*

C““t“t‘t“‘ttt“t“t“‘t‘tl“‘
Ctttttt““t“t“‘ttt““t#“‘

/%
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MAP L1ST FOR MINT7Z~-ARAKAWA TWO-LEVEL GENERAL CLRCULATLON MNDEL

/7 DD D1SP=OLD,DSN=MEST27,ABN,CNMMON

//

100
101
102
103
104
105
106
107

200

230

250

0D *
CﬂMMDN/CﬂUT/ZM(#b)oSURFvLEVcISL.NAHE(13'
COMMON /CDT/TAPIN
D1MENS 10N MAP(QQDoSRF(QQD.SNT(QQDoZM2(46D
DATA JBLK/4H /

DATA BCTP/TAPEV/

FORMAT (5F10,0)

FORMAT (12,2E10.0,1344)
FORMAT (5(1X.F8,3)}

FORMAT (1Xs1242(1X,FA,3))
FORMAT (lX.FH.ZoZX.IZoZX.Fﬂ.?.ZXoI3A4.2X.El3.5i
FORMAT (2E10,0,A4)

FDORMAT (1XyFRe301XyFRL3,2X A0 )
FORMAT (1M1}

READ (5,105) TO,TEND, TAPIN
WRITE (64106) TO,TEND,TAPIN
TOPNG(1y1)==1,0

IF (TAPINJNF,RCTP) REAQ (B) TOPOG
TSA=TOPOG(1,1)

T0224,2T0

TEND=24,#TEND
DAY1=24,.%3600,

EJFECT=0,0

1=0

RFAD (5,101) MAPNN, SIRF
WRITE (6,103) MAPND,SURF
I=1+1

MAP(1)=MAPNND

IF (MAPNDLEQ,0) 6N TN 230
SRF(1)=SURF

SNT(1)=SINT

G0 To 200

CONTINUE

T1=0.0

RFAD (B) Tau,C

DAY=DAY]

IF (TAU.EQ.TSA) GO TD 250
NODYT=0

T2=TAU/24,

IF (EJECT.NF.0.0) EJECT=EJECT+1,0
IF (EJECT.EQ,2,0) PRINT 107
WRITE (6,102) Tau, T2

IF (TAU.LT.0,0) GO TN 250
CaLL nuTapE

IF (TAULLT,.TO) GO To 250

IF (TAULGT.TEND) CALL FXIT

“‘t‘t“‘t‘t‘t“ttt‘tttttlt““‘t““““OOOOOO10
#‘t‘t‘#‘*#“‘**t*#tt‘tttt‘t““ttttt‘t“‘OOOOOOZO

00000030
*00000040
*00000050
*00000060
*00000070

“*#‘tt‘#t#*#t##‘tt‘t““tttt“t#t“tt‘OOOOOOGO
t““t“‘t‘t‘#‘t‘ttt‘t‘t“t“‘tt“““t‘t‘OOOOOOQO

00000100
00000110
00000120
00000130
00000140
00000150
00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
00000350
00000360
00600370
000003R0
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
000004R0
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570



270

275

280

290

IF (TAULLE.,T]1) GO TO 250
Tl=TAU

I=1

1F (EJECT.NE.O0.0) GO TO 270
CALL COMP3

PRINT 107

EJECT=]1,0

MAPNO=MAP(])

IF (MAPNO.EQ.O0) GO TO 250
SURF=SRF (1)

SINT=SNT(I)

DO 275 JU=1,13
NAME(J)=JBLK

CALL MOPGEN (MAPNOD)

DD 290 J=1,uM

IM2(J)=0,0

FCKT=0,0

DO 280 K=1l,IM

1F (TOPOG(J4K)elT.1.0) GO YO 280

IM2(J)=2M21J)+WORK2 {JyK)
FCNT=FCNT+! ,0
CONTINUE
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IF (FCNT.NE.0.0) ZM2(J)=2ZM2(J)/FCNT

CONTINUE

WRITE(9)TAU, 1Dy MAPNQ yNAME s SURF 4 STAGT 4 STAG

PRINT 104,72 ,MAPNQySURF,NAME
I=1+)

GO 10 270

END

JySINT ¢WORK2¢ZMy2M2 42 MM

00000580
00000590
00060600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000810
00000820
00000830
00000840
00000850
00000860



// 00
//

SUBROUTINE NUTAPE
OISP=0LD,DSN=MEST27.ABN.COMMON
00
COMMON /CDT/TAPIN
BCTP/*TAPEY/

DATA
K=8

READ
REAO
READ
REAO
READ

IF (TAPINJEQ.BCTP) READ (8)

REAO
REAOQ
READ
READ
READ
READ
REAOD
REAOD

IF (TAPINJNE.BCTP) RETURN

(K)
(K)
(K)
(K)
(K)

(K)
(K)
(K)
(K)
(K)
(K)
(K)
(K)

p
U
v
T
03

PT

sSD

REAOD (K) W
READ (K) TD
RETURN

ENO

~306-

TOPOG

00000870
00000880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
00000990
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
00001100
00001110



/%
// 0D
//

301
302
303
304

305

306
307

308

309

310

311

312

-307-

SUBROUTINE MOPGEN (MAPNO)

D1SP=0L0,DSNaMES 727 ,ABN,COMMON
on *
COMMON  /SCTL/ RCTLI2), JCTL(10)
COMMON /COUT/ IM{46) ¢ SURFGLEVe1SLoNAME(]13)
EQUIVALENCE (LEVEL,SURF)
LOGICAL LEV
MAPGEN=,TRUE,
LFV=,FALSE,
1F (SURF.LT.2.0) LEV=,TRUE,

G0 T0 (301o302o303o306.305.306.307.30R.300.3[0
031143124313,314,315,316,337,318,319,320
032[0322032303240325032603270329032903300331)oMﬂPNﬂ

CALL MaP])

GO T0 410

CALL MAP2

GO 70 «lo0

CALL MaP3

GO 10 410

CALL MAP4

60O T0 410

IF (KEY(18)) MAPGEN=,FALSE,
CALL MaP 5

G0 T0 4«10

CALL MaP6

60 TO 410

CALL MaAP?

GO TO 410

FF (NODUTLE0,0) CALL COMP3
NODUT =)

CALL mars

GO TD <10

1F (NOOUTGFO.0) CALL CHMP3
NOOUT =]

CALL MaP9

GO TO 410

CALL MaPlO

GO 1o 410

CALL maP 11

60 10O 4l0

CALL Mar)2

GO T 410

00001120
00001130
00001140
00001150
00001160
00001170
00001180
00001190
00001200
00001210
00001220
00001230
00001240
00001250
00001260
00001270
00001280
00001290
00001300
00001310
00001320
00001330
00001340
0000350
00001360
00001370
00001380
00001390
00001400
00001410
00001420
00001430
00001440
00001450
00001460
00001470
000014R0
00001490
00001500
00001510
000601%20
(0001530
00001%40
000015%0
00001560



313

3le

31s

316

37

3

318

3185

319

320

321

3215

322

IF (NOOUT,E0,0) CALL ComMp3
NNOUTs=)

CALL mAp)3

GO T0 410

IF (NOOUT.€0.0) CALL Compa
NOOUT . )

CALL HipPle

GO 10 410

If (NOOUT,E0,0) CALL CnNmp3
NOOUTe=1

CALL mop)s

GO 10 <10

IF (NOOUT,€Q,0) CALL Clmp3
NOOUTe ]

CALL mMAP)s

GO 10 410

CALL MAP 2

00 3178 j=],IM

0N 3175 Js)l M

WORK]L (Jy | b oWORK2(Jo 1)

CALL map 3

CALL map 17

G0 10 410

CALL maP 2

DO 3185 I=],Im

00 3188 Js),gm
WORKL(Jo 1 ) oWNAK2(J, 1)

CALL Map 3

CALL MAP 1

GO TN 4l0

IF (NDOUT,E0,0) CALL comp3
NONUT =)

CALL maP)19

60 10 410

IF (NNDUT,E0,0) CALL Comp3
NONUT =]

CALL MaAP20

GO Y0 410

CALL mMaP 2

00 3215 t=)],IM

0N 3215 ys=],ym
WORK1€Jo1)2uNRK2( Y, 1)

CALL mMaP 3

CALL maP 2}

GO TN 4)10

IF (NONUT,E0,0) CALL Ciimp 3
NONUTs )

TALL MAPZ2

6N TN «10

00001570
00001580
00001590
000014600
00001610
00001620
00001630
00001640
00001650
00001660
00001670
00001680
00001690
00001 700
00001710
00001 720
000017130
00001740
00001730
00001760
00001770
00001780
00001790
00001800
00001810
00001820
00001430
00001840
00001650
00001880
00001A70
00001880
00001890
00001900
00001910
00001920
00001930
00001940
00001950
00001960
00001970
000019480
00001990
00002000
00n02010
00002020
00002030
00002040
00002050



323

324

325

326

327
328

329

330

33)

410

IF INDOUT . E0.0)
NOOUT=)

CALL map2)3

GO T0 &10

CALL maP2s

G0 T0 a&l0

CALL map 25

G0 T0 &)0

1F (NOOQUT . £0,0)
NOOUT= )

CALL Map2e

GO0 10 410

CALL map2?

GO 10 410

IF (NODUT . EQ.0)
NOOUTs |

CALL Map2n

60 T0 &}l0

1F {NDOUT ,€0,0)
NOOUT =)

CALL map29

G0 10 s&l0

1F (NNDOUT . E0,0)
NOQUT =)

CALL maP30O

GO 10 410

1F {NDDUT L E0,0)
NDOUT =)

CaLL map 3)

GO TO 410
RETURN

END

CALL Comp3

CALL ComP)

CaLL compa

CaLL Comp3

CaLL Cowme)

CALL Comp3

-309-

00002060
00002070
00002940
0eC2z090
00002100
00002110
00002120
00002130
00002140
00002150
00002160
00002170
00002180
00002190
00002200
00002210
00002220
00002230
00002240
00002250
00002260
00002270
00002280
00002290
00002300
00002310
00002320
200023130
00002340
00002 350
00002360
00002370
0N002 380



/e
7/ 00
//

-310-

FUNCTION IPK(IL,IR)
INTEGER [MHALF®*2(2)
EQUIVALFNCE (IHALF(1) 1Iwl)
THALF(])=]L
IMALF(2)=]R

1PKsIND

RFTURN

ENTRY JRM(IPKWD)
IND= | PKND
IRMsTHALF(2)

RETURN

ENTRY ILM(IPKWOD)
IND= ] PKWD
ILH=IHALF (1)

RFTURN

END

FUNCTION VPHI& (J,1)

DISPeNLD¢DSNESMESTZ7,ARN,COMMON
on L
VPHI4=0,

IF (TOPNG(Je1)elTs 1.0) VPHIGSAMOD(=TNPIIGIIe])e 10.ES)

RETURN
END

LOG 1 C AL FUNC T ] ON KEVY (M)

LOGICAL XEYS®*1(32)

COMMON /VKEYV/ KEYS

N=TARS (M)

KFYsKEYSIN)

IF (M LT, 0O) KEYSIN)=, FALSE,
RETURN

END

00002390
00002400
00002410
00002420
00002430
00002440
00002450
00002460
00002470
00002480
00002490
00002500
00002510
00002520
00002530
00002540

00002550
00002560
00002570
00002580
00002590
00002600
00002610
00002620
00002630
00002640
00002650
00002660
00002670
000026R0
00002690
000021700
00002710
00002720
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S U B R O U T I N F 00002730

* MAP] 060002 740

K 00002750
/7 D OISPaOLNDSNaMEST2 7, AKN, CIIMMON 00002760
/77 (])] » 00002770
COMMON 7COUT Y lncao).suaF.LFv.lSL.NAMF(lav 00002780
LOGICAL LEv, STAGY, S1AGH, 1sL 00002790
DIMENSTON NAMEL {]3) 00002400

C 00002810
C SEA LEVEL PRESSURE, HAP TYPE 1 00002820
L=} 00002R130

Los2 00002840

C 00002850
FIMsM 00002860
IMM2x] M- 00002870

JMM] 2 gM-| 00002RR0
STAGYs,FALSE, 00002890
STAGI=,FALKE, 00002900
SIG1=SIG(]) 000072910
SIG3=S16G(2) 00002920
FLR=,5¢,182R/(30,4R%GRAY) 000029130

C 00002940
00 110 1=],NL 00002950

110 NAME(])aNAMEL(]) 00002960
C 00002970
DO 118 Jx]l,um 00002980

118 I1M(J)=0,0 00002990
C 00003000
Di) 128 J2],1IM 00003010

00 128 gsleum 00003020
PHIGaVPHIG (I, 1) 00003030
Palap(y, 1) 00003040

C TT62LHIO3T (U, 1)) 00003050
c T4=T114/10, 00003060
C EXTRAPOLATED SURFACF AR TEMPERATURE 00003070
T1sT(JeleL]) 00003080
T3=2T(Jel,L2) 00003090

Téx] 52T73=0,507]) 00003100
RTMaRGAS® (T4ekLREPHIG) 00003) 10
ACL-(PJI#PIRHP)'FXP(PNIA/RIM)-PSL 00003120
TMIDI=ZM(g)eaCC 00003130

128 WORKI(J.1)=ACC 00003140



-32-

DO 148 Isl,im
IPLsMOD{]oIM) )
IM1sMOD{T+IMM2,[M)e]
WORK2({JMo 1 dsWORK L { UMy 1)
WORK2(1e1)=WORK1(1,1)
DD 168 Js2,MM]

1648 WORK2(Jol)at WORKL(J41oIML)@2,3WORKL(Jels]) <+ WORKLI(Je14IP1)

158

42.%WORKL(JoIML) 44, SWORKL(Jol) ¢2.%WORKL(JgIP))

00003150
00003160
00003170
00003180
00003190
00003200
00003210
00003220
00003230

¢ WORKL(J=1¢4IM1)22,%WORKL(J=1s1) + WORK1(J-141P1})/16.00003240

IMn=0,0

WTMa0 .0

DO 198 J=l,eJM

WTMsWTM ¢ ABSIDXYP(J))
IMLI)eIN(J)/FIN
IMnZMMeZM{J ) SABS(DXYPIJ))
L MM MM/ WTM

SPOL=ZM(1)

NPOL=ZM{JM)

DATA NAMEL/®SEA LEVEL PRESSURE SMNOTHED (MB-1000.)
DATA NL/13/
RETURN

ENO

'/

00003250
00003260
00003270
00003280
00003290
00003300
00003310
00003320
00003330
00003340
00003350
00003360
00003370
00003380
00003390
00003400



-13-

S$ U B R 0 U T | N E 00003410

] MAP2 00003420

/7 100 O1SP=0LO,OSN=MEST27,ABN.COMMON 00003430
/77 oD e 00003440
LOGLICAL LEV, STAGJ, STAGL, 1SL 00003450
COMMON /COUT/ IM(46),SURFoLEV,] SLoNAMF (]3) 00003460
EQUIVALENCE (SURF,SIGL) 00003470
OL1MENSION NAMEL(13) 00003480

C 00003490
c EAST=WEST (U) WINO COMPONENT, MAP TYPE 2 00003500
C 00003510
FlM= ] M 00003520
STAGJ=, TRUE, 00003530
STAGLl=,TRUE, 00003540

C 00003550
0N 110 1s=1,NL 00003560

110 NAME(])sNAMEL(]) 00003570
C 00003580
210 Ll=]) 00003590
L2=2 00003600
SIGL1=SIG(L]) 00003610
SIGL2=S1G(L2) 00003620
0S1G=1,/7(S16L2=-S1GL1} 00003630

C 00003640
1F (LEV) GO T0O 310 00003650

C 00003660
PS4, e (SURF=-PTRNP) 00003670

C 00003680
00 220 1=],1M 00003690
WORK2(1,1)20,0 00003700
1P1=MO0(1,1M) & ) 00003710

0N 220 J=2,uM 00003720
SIGPSePS/(PIJy]l) ¢ P(J,IP]) o PlU=T¢l) & PlU=~1,41P*)) 00003730

220 HnaKZ(J.ll-DSlG‘((SIGPS-SlGLll‘U(J.l.LZ)O(SIGL?-SlGPSl‘U(JoI.Ll)l 00003740
GO 1D &}0 00003750

C 00003760
310 0S1G1=(S1GL~S1GL1)eNSIG 00003770
DSIG2=(S1GL2~SIGL)*DS1G 000037R0

DO 320 I=]1,IM 00003790
WORK2(141)=0,0 00003800

DO 320 y=2,9M 00003A10

320 NORKZ(J.l)-DSlGl‘U(JoloL?l‘U(JoloLl)‘"Slﬂ? 00003820



410

420

430

-3l4-

IMM=0,0

WTM=0,0

IM(1)=0,0

DO 430 Js2,JM
SUM=0,0

DO 420 I=),IM
SUMaSUM+WORK2(Jo 1)
CLAT=ABS(COS(S5*(LAT(JU=1)+LAT(J))))
IM(J)sSUM/FIM
WTMsWTMeCLAT
IMASIMMeZM(J)ISCLAT
IMM=Z MM/ WTM
SPOL=ZM(2)
NPOL=ZM(JM)

DATA NAMEL/'EAST=WEST (U) WIND COMPONENT (M/SH:C)

DATA NLZ13/
RETURN

END

00003830
00003840
00003450
00003860
00003R70
00003AA0
00003890
00003900
00003910
00003920
00003930
00003940
00003950
00003960
00003970
00003940
00003990
00004000
00004010
00006020
00004030
00004040
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S U 8 R O U T ] N E 00004050

* MAP3 00004060

// DD DISP=ULDyUSN=MEST27,ABN.COMMNN 00004070
/4 0oL » 00004080
LOGICAL LEV, STAGJ, STAGLl, 1SL 00004090
COMMON /COUTY/ IM(66) ¢ SURF (LEV.1SLNAME ([3) 00004100
EQUIVALENCE (SURF,SIGL) 00004110
OIMENSION NAMEL (13) 00004120

c 00004130
c NORTH=SOUTH (V) WIND COMPONENT, MAP TYPE 3 00004140
c 00004150
FlM= M 00004160
STAGJ=,TRUE. 00004170
STAGI=,TRUE, 00004180

c 00004190
DO 110 1=]1,NL 00004200

110 NAME(T)=NAMEL(]) 00004210
c 00004220
210 Ll=x) 00004230
L2=2 00004240
SIGLY=S16G(L]) 00004250
SIGL2=S1G(L2) 00004260
USIG=14/(SIGL2=-SIGL]) 00004270

c 00004280
IF (LEV) GO TO 310 00004290

C 00004300
PS=4 .8 ({SURF=PTRIIP) 00004310

DO 220 1=1,1M 00004320
1P1=MOD(T4IM) 4] 00004330

DO 220 J=1,0M 00004340
SIGPSEPS/(P(Jel) ¢ P(J,IPT) Pld=Tel) ¢ PlU=141PI}) 00004350

220 NORKZ(J.I)inSlG'((SlGPS-SIGLI)‘VlJoloL?)*(SlGL?-SIGPS)'V(J.JoLl)) 00004360
U 10 410 00004370



310

320

410

420

©30
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DS1GL=(SIGL-SIGL])*0S1G
0SIG2=(SIGL2-S1GL )*0S16G

00 320 [=1,]IM

D0 320 Js=1,JM

WORK2(Jo 1 )sDSIGLOV{Jel,L2) + VI(JeloL1)®DS16G2

IMMs0,0

WTM=0,0

00 430 J=l,uM
SUM=0,0

00 420 [=1,]M
SUMsSUMSWORK2 (J,4 1)
CLAT=ABS(COS(LAT(J)))
IM(J)sSUM/FIM
WTMSWTMeCLAT
IMMsZ MM M{J)SCLAT
IMME 2 MM/ T M
SPOL=IM(])
NPOL=ZM{JUM)

DATA NAMEL/*NORTH=-SQUTH (V) WIND COMPONENT (M/SEC)

OATA NL/13v

RETURN
END

00004380
00004390
00004400
00004410
00004420
00004430
00004440
00004450
00004460
00004470
00004480
00004490
00004500
00004510
00004520
00004530
00004540
00004550
00004560
00004570
00004580
00004590
00004600
00004610
00004620
00004630
00004640



-317-

S U B R O U T ] N E

. HAPS
// DD DlSP-DLD.DSN-HES127.ABN.COHHON
// DD =
LOGICAL LEVy STAGJ, STAGI, ISL
COMMON /COUTY/ lﬂlbb).SURF.LEV.ISL.NAHE(IB’
EQUIVALENCE (SURF,SIGL)
DIMENSION NAMEL (13)

C
C TEMPERATURE, MAP TYPE &
C VERTICAL INTERPOLATION IS WITH POTENTIAL TEMPERATURE
C IN PesKAPPA SPACE,
c
FilMs]M
STAGJs=,FALSE,
STAGI=,FALSE,
c

€0 110 Is=],NL
110 NAME(I)sNAMEL(])

C
210 Lls])
L2=2
SIGLIaSIG(LL)
SIGL2=SIG(L2)
PSK=SURFssKAPA
c

DO 220 Is],1m

DD 220 y=ly4M

SP=P(Jyl)

IF (LEV) PSKs{SIGL*SP+PTROP )ssKAPA
PLIKI‘SlGLl‘SPOPTRUP)“KAPA
PL2K={SIGL2*SP+PTROP )ssKAPA
VPOTLI=T{J4yl4L1)/PLIK

TPOTL28T (U)oL 2)/PL2K

00004650
00004660
00004670
00004680
00004690
00004700
00004710
00004720
00004730
00004740
00004750
00004760
00004770
00004780
00004790
00004800
00004810
00004820
000C4830
00004840
00004850
00004860
00004870
00004880
00004890
00004900
00004910
00004920
00004930
000049460
00004950
0C )04960
0 0064970

J)06980

220 HORKZ(J.I)-PSKI(PLZK-PLlK)‘lTPO?Ll‘lPL?K-PSK) + (PSK=PLIK)*TPDTL2)0NY06499(

v ¢+ TKEL

U 35000



410

420

430

-318-

lHH’0.0

WTM=0,0

N0 430 y=1,gm
SU"’O-O

DD 420 I=1,IM
SUMSSUMSWORK2 (Jo 1)
CLAT=ABS(DXYP(J})
IM{J)aSUM/FIM
WTM=WTM+CLAT
IMMEZMM4ZM(J)*CLAT
LMMaZ MM/ WT M
NPOL=ZM{JM)
SPOL=2M(1)

DATA NAMEL/*TEMPERATURE (DEGREES CENTIGRADE)

DATA NL/13/
DATA  TKEL/-273,1/

RETURN
END

00005010
00005020
00005030
00005040
00005050
00005060
00005070
00005080
00005090
00005100
00005110
00005120
00005130
00005140
00005150
00005160
00005170
00005180
00005190
00005200
00005210
00005220
00005230
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S U B R 0O U T I N E
» MAP

MAPD
// 0D DISP=0LO+yOSN=MEST27,ABN,COMMON

//
C

aNeNel

2

4

4

205
210

215

218

20

10

20

np =

LOGICAL LEV, STAGI«STAGJ, ISL

COMMON /COUT/ ZML46) ¢ SURF LEV 1 SL (NAME(13)
EQUIVALENCE (SURF,SIGL )

OIMENSION NAMEL1({13)4NAME2(]13)

GENGRAPHY, MAP TYPE 5

FIM = M

FIM = gM
STAGI=,FALSE,
STAGJ=,FALSE.
CNST=30,487GkAV

00 110 I=},NL
NAME (1 )=NAMEL(])
IF [ oNOTJLEV) NAME(1)=NAMED ()

DO 220 1=l,1M

D} 220 J=1,JM

T6=TOPOG(J,1)

IF (JNOTL.LEV) GO TO 215

IF (TG.LT.1.0) GO TU 205
T16=TG~2713,

60 TO 220

IF (TG+10.E5.EQ.,0,0) GO TO 220
T6=10.E5

GO TO 220

IF (T6.6GT.1.0) GO TO 210
T6==T6

IF (T6G.GT.9.E5) GN TO 218
T6=TG/CNST

60O TN 220

IF (T6G.,EQ.10.E5) GO TO 220
TG='(|0cE5¢(TG-10.E5)/CNST)
G0 TO 220

-WORK2(J . 1)=TG

W5=0,0

WN=0,0

DO 415 I=141M
WSZWS+WORK2(1,1)
WN=WN+WORKZ [ UM, 1)
WS=WS/FIMm
WN=WN/F M

D0 420 1=1,1M
WORK?(1e1)=WS
WORK2 (UM, 1)=WN

00005240
00005250
00005260
00005270
00005280
00005290
00005300
00005310
00005320
00005330
00005340
00005350
00005360
00005370
00005380
00005390
00005400
00005410
00005420
000054130
00005440
00005450
00005460
00005470
00005480
00005490
00005500
00005510
00005520
00005530
00005540
00005550
00005560
00005570
00005580
00005590
00005600
00005610
00005620
00005630
00005640
00005650
00005660
00005670
00005680
0000%690
00005700
00005710
00005720
00005730
00005740
00005750



425

430

450

-320-

IMM=0,0

WTiM=0,0

DO 450 Js=1l,uM

SUM‘0.0

Cl=0,0

IM(J)=0,0

DO 430 I=1,IM
W2sWORK2(Jy1)

IF («NNTLLEV) GO TO 425

IF (W2.GE410.E5) GO TO 430
Cl=Cl+1l,.0

IF (W2.L7.,0.0) GO TO 430
SUMsS UM+W2

GO TO 430

Cl=CI+l.0

IF (W2.GE«10.E5) GO TO 430
IF (W24104E5.LE.0,0) W2=={W2+10,E5)
SUM=SUM+W2

CONT INUE

CLAT=ABS (COS(LAT(J)))

IF (Cl1eGT.0,0) ZM(J)=SUM/CI
IM(J)=SUM/FIM

WTM=WTM+CLAT
IMM=2 MM 2ZM(J)=CLAT
IMM= 72 MM/WTM

SPOL=2M(])

NPOL=ZM({JM)

DATA NAMEL/*TOPOGRAPHY (DCEAN TEMP, DEG CENT)
DATA NAME2/*TOPOGRAPHY (SURFACE ELEVATION,

DATA NL/13/
RETURN
END

HECTOFEET)

00005760
00005770
00005780
00005790
00005800
00005810
00005820
00005830
00005840
00005850
00005860
00005870
00005880
00005890
00005900
00005910
06005920
00005930
00005940
00005950
00005960
00005970
00005980
00005990
00006000
00006010
00006020
00006030
00006040
00006050
00006060
00006070
00006080
00006090
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SUBROUST I NE

» MAPH
// DD DISP=0LD+DSN=MEST27,ABN,COMMON
// DD =
LOGICAL LEV, STAGJe STAGI, ISL
COMMON /COUT/ TM(466) ySURFLEV,ISLNAMF(13)
EQUIVALENCE (SURF,SIGL)
DIMENSION NAMEL(13)

GEOPOTENTIAL HEIGHY SURFACF,
MAP TYPE 6

(e NaleNel

IMM22 [ M=-2
JMM] =2 M=)
STAGI=s ,FALSE,
STAGJ= ,FALSE,
FIM=IM
Ll=])
L2=2
PSK=SURF**KAPA
HR=RGAS/2,
IMM2a [ M-2
SIGL1=SIG(L])
SIGL2=S16(L2)
DO 110 I=1,NL

110 NAME(I)=NAMEL(])
DO 220 1=],1IM
IP1=MOD(1,1IM) ]
IM1=MOD( T+ 1MM2, IM)+]
DO 220 J=]4JM
SP=zP(J,I)
PLI=(SIGL1*SPeFPTRNP)
PLIK=PL1**KAPA
PS1=(PL1=-PTROP)I/PLI]
PL2=(SIGL2*SP+PTRDP)
PL2K=PL2 **KAPA
PS2s(PL2=-PTROP)/PL2
IF (LEV) PSK=(SIGL*SP+PTROP)**KAPA
PKDTK=KAPA® (PL2K=-PLIK)*2,
PLIKS=FL1K*®2
PL2KS=PL2K#**2
PSKS=PSK*22
PlTP2=PL 1K*PL2K*2,
XT23PS24(PL2KS=P1TP2=PLIKS=2,%PSKS+6,*PLIK®PSK)/PKOTK/PL2K
XT12PS1+(PL2KS4PLITP2=PLIKS-4 ,*PL2K*PSK+2,.*PSKS)/PKDTK/PL 1K

00006100
00006110
00006120
00006130
00006140
00006150
00006160
00006170
00006180
00006190
00006200
00006210
00006220
J00062 30
00006240
00006250
00006260
00006270
00006260
00006290
00006300
00006310
00006320
00006330
00006340
00006350
00006360
00006370
00006380
00006390
00006400
00006410
00006620
C0006630
00006660
00006650
00006660
00006470
00006480
00006490
00006500
00006510
00006520
00006530
00006540

220 WORK2(Jo 1) 0L IXTI®T(Jolol1)4XT28T(Jsl4L2))*HROVPHIG(.Jy1))/GRAV 00006550



10

%20

&30

l””'gso

WiM20,0

N0 430 Js),Jm
SUM=20,0
CLAT@AHSLODXYRIJ))
0N 420 1sl,IM
SUMsSUMSNGRX2( ), 1}
IMLD)aSUM/FIM
WTMsWTMeCLAT
IMMaZ MMe ML J)sCLAT
IMMa I MM/ WY M
SPOL=IM(])
NPOLeZM( JM)

DATA NAMEL/'GENPNTENTIAL HF IGHT
DATA NLZ13/

RETURN

END

~322-

{HECTOMETERS Y

v

00006560
00006570
00006580
00006590
00006600
00006610
000065620
00006630
00006640
00006650
00006660
00006470
0000686R0
00006690
00006 700
00006710
00006720
00006730
00006740
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//

C

aNaNal

12k

»

S U B R @O 4 7

N
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F

WAPY

DD =

COMMON /COUT/ IM{GH) sSURFGLFV,ISLNAMF(]3)
LOGICAL LEV, STAGJ, STAGI,

DIMENSION NAMEL (131

SURFACF PRESSURF, MAP TYPF 7

Li=1
L2=2

FiMsm

IMM2 2 [M-2

JMM] 2 M=)

STAGUs FALSF,
STAGI = FALSF,

SIGY=S]IGIT)Y

SIG3=516(2)
FLR=,58,1R28/(30,64Re5RAV)

00 110 Is],NL
NAMF (1 IsNAMFL (1]

MMz, 0
00 11R J=]4JM
IMiD)r=0,0

NN 128 1=1,1m
IML=MNOC T+ IMMP M) o]
TP =MND(] 1ML}

NN 12R =] .Jm
PHI&=VPKI4(J. 1)
PIl=PlU.1)
TTas1LHI03T (0.1
!6:774/!0.

EXTRAPNLATED SURFACF AR TEMPERATHRF

Ti=T(Jelel ]
T3=T(Jel,4L2)
Téax],5¢13-0,454T]
RTMRGAS®(TGeFLROPH]G)

ISt

ACC'lPJIOPVHnP)'FXP(PHIb/HlM)-PSL

A EPLINERY Yol
WORK 2 (e 1 )=ACE

00004750
00006760
000067170
00006780
000046790
0000AR00
00006R10
00006720
00006330
00006R40
00006RS50
00006R40
0000KRT0
0000ARR0
00006R90
00006900
00006910
00006920
00006930
00006940
00006850
00006960
00006970
000069R0
00N0K990
00007000
00007010
00007020
00007030
00007040
000070450
00007060
00001070
00007080
00007090
00007100
00007110
00007120
00007130
00007140
000071450
000nT1A0
00no0r170
0N00GTIRN
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C 00007190
c 00007200
WiM=0,0 00007210

DN 158 Js=])eJdM 00007220

NI )=IN(J) /FIM 00007230
WIM=NTM ¢ ABSLOXYPLJ)) 00007240

158 ZMMaZMMeZM{ ) SARS (DXYPLJ)) 00007250

€ IMM IS GLORAL MEAN SURFACE PRESSURE 000¢:7260
TMM=Z MM/ T M 000¢7270
SPOL=WORK2(1+1) 00007280
NPNL=WNRK2(JM,e 1) 00007296

C 00007300
OATA NAMEL/'SFA LEVEL PRFSSURE UNSMONTHEN (MR-1000.) '/ 00007310

OATA NL/13/ 00007320
RETURN 00007330

C 00007340

ENO 000073%0
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€

b HAPD

// DD 01SPsOLLDSNSMEST27, ABN . COMMON

/v

C
C

110

220

00 =

COMMON /COUT/ IM(66) 4SURF¢LFV,]SLoNAME(]3)

LOGICAL LEV, STAGJ, STAGI, ISL
EQUIVALENCE (SIGLSURF)
DIMENSION NAMEL(13)

TOTAL HEATING, MAP TYPE A

OIMENSION MZ1(100),H23(100)
FiMsm

STAGJ= FALSE,
STAGI=,FALSF,

Lis=]

L2=2

SIGLL=SIG(IL])
SIGL2=SIG(L?)
DS16=1,7(S1GL2=-S1GL))
SURFMT=SURF~PTRNP

IF {LEV) SIGX=S]IGL

00 110 I=),NL
NAME (1 )=NAMEL(])

0N 220 I=],Im

0N 220 Js=l,uM

TF (oNOT,LEV) SIGX=SURFMT/P(J,.1)
HIsJLHIPT(Js1))

Hl=H1/100,

H3s IRHIPT (U, 1))

H3=H3/100,

IF (JuNELT) GO TO 220

HZ1{J)=H]

HZ3(J)=NH)

WORK2(J e 1)=DSIGS({ (SIGLZ-SIGX ) ¢H] + (S1GX=SIGL])*H3)

00007360
00007370
00007380
00007390
00007400
00007410
00007420
00007430
00007440
00007450
00007460
00007470
00007480
00007490
00007500
00007510
00097520
00007530
00007540
00007550
00007560
00007570
00007580
00007590
00007600
00007610
00¢07620
00007630
00007640
00007650
00007660
00007670
00007680
00007690
00007700
00007710
00007720



©20

430

DO 118 U=, JM
IM(J)=0,0

IMM=0,0

WTM=0,0

DD 430 J=), M
SUM=0,0
CLAT=ABS(DXYP(J))
NO 420 1=),1IM
SUMsSUMSWORK2(Jy 1)
IN(J)=SUM/FIM
WTMsW TMOCLAT
IMMeIMMO2Z M J)OCLAT
IMM=2 MM/ TN
SPOL=2INM(1)
NPOL=2M( M)

DATA NAMEL/'TNTAL HEATING (DEG CENT/DAY)

DATA NL/YYV/
RETURN

END

-326-

0en07T730
ARG TEHO
DGV PTSG
00007760
00007770
00007780
00007790
00007800
00007810
00007820
00007830
00007840
00007850
00007880
00007870
00007RA0
00007890
00007900
00007910
00007920
00007930
00007940
00007950
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S_ U B8 R O U T § N ¢ 000017960

. MAPQ 00007970

7/ 0D DISP=OLDLDSNEMEST27, ABN , COMMON 00007980
77/ (1) ) 00007997,
C 00008¢ 00
LOGICAL LEv, STAGl,STAGY, 1SL 00008010
DIMENSION NAMEL (]13) 00008020
COMMON /COUT/ IMIGB) o SURF 4 LEV,1SL4NAME (] 3) 00008030
FOUIVALENCE (SURF,SIGL) 00008040

C 00008050
C LARGE SCALE PRECIPITATION, MAP TYRE 9 00008060
C 00008070
FIM = Inm 0G0080R0D

FIM 2 Jn 00008090
STAGI= FALSE, 00008100
STAGJ= FALSF, 0000R110

¢ 00008120
DD 110 12],8ML 000081 30

110 NAME(]1)eNAMEL(]) 00008140
G 00008150
DO 220 1s),1m 0000R160

DN 220 Jy=],Jm 0000A1T0
PLSC=IRMIQ3T(J,1)) 0000R] RO

220 WORK2(J,1)=PLSC/]0, 0000A 190
¢ 00008200
I1MMe0, 0 00008210
WTM20,0 00008220

D0 450 Je),um 0000R? 30
SUMs0,0 0000R240

D0 430 1=),1M 00008250

430 SUMESUM ¢ WORK2(Je)) 0000R260
CLAT=ABS(DXYP(J)) 000062 70
IN(J)=SUM/F 1M 0000K2A0
WiMsWTMOCLAT 0000R?90

450 IMM=2MMe2M(J)SCLAT 0000K300
IRMe 2 MM/ WT N 00to83lo
SPOL=ZM(1) 0000R 320
NPOLsZIM( M) 00008330

C 00006 360
DATA NAMEL/P'LARGE SCALE PRECIPITATION (MM/DAY) /7 0000R3%0

DATA NL/13/ 00008360
RETURN 0000R3 70

FND 0000R3IRD



-328-

S U 8 R 0 U T | N E
e [ ] "AE'"

// 00 O1SPsOLDyDSN=MEST27,ABN,COMMON
/7 Do ®
LOGICAL LEV, STAGJ, STAGI, ISL
COMMON /CDUT/ 2M(46) s SURF LEV,]SLINAME(13)
EQUIVALENCE (SURF,SIGL)
DIMENSION NAMEL(1)3)
OLMENSION CONMI46,72)

VERTICAL VELOCITY, MAP TYPE 10

[aXalgl

FlMelM
IMM2 81 M=-2
JHM] e yN-1
ST‘GJ'.F‘LSE.
STAGle FALSE,

0N 110 le]l,NL
110 NAME(T)=NAMELI(])

2149 (]
2150 00 2160 Is]l,IM

IPLlsMND(]4IM) 0]

00 2160 J=2, MM]

PULY 911806250 10YUTIISUT I} oL )oDYULISLI®UIIoLol,4L))
2160 CONTINUE

CALL AVRXI(11)

V0 2180 l=],1IM

IPlemMOO(],IM) o]

IMI1eMND( [ ¢ IMM2, (M) ¢ ]

0N 2170 J=s2,JMM]
2170 PUILJIISPULI 110 IPII 1)eP(J01P1))

N0 2180 J=2,0M

PVIJel120,2500UIJ)OIVINeloLIoVIIGIMLL)ISIPIIGT) 4P Id=141))
2180 CONTINUE

EQUIVALENT PU AT POLES. PVILe1) IS USEO AS A WORKING SPACE.

[z X aXal

VM]s0,0

VM2e0,0

00 21685 ls]l,Im

VMlavMlePV(2,1)
2185 VM2sVM2ePV(JM,1)

VMlavMl/F M

VM2sVM2/F M

PVlloliio.O

0000AR390
00008400
00008410
00008420
00008430
00008440
00008450
00008460
00008470
00008480
00008490
00008500
00008510
00008520
00008530
00008540
00008550
00008560
0000AS570
00008580
00008590
00008800
00008610
000086:'0
00004630
00008640
00008650
00008460
00008670
00008680
00008690
00008700
00008710
00008 720
00008730
00008740
00008750
00008760
00008770
00008780
00008790
00008800
00008A10
00008820
000086830
00008840
00008AS0
0000RAB0
00008870
0000ARA0



-929-

DO 2190 182,1M 00008890

2190 PVI1o1)oPVILol=1)¢(PV(2,1)=-VM}) 00008900
VM1s0,0 00008910

00 2192 I=],1Im 00008920

2192 VMI=VMlePV(]1,]) 00008930
VMisVMI/FINM 0000A940

DO 2195 lel,IM 00008950

2195 PUlLel)e=(PVILlel)-VM])®3,0 00008960
PVilel)e®0.0 00008970

00 2200 182,1M 000089480

2200 PVILlol1)oPV(Lol=1)e(PV(JIH,1)=VM2) 00008990
VM280,0 00009000

00 2202 1=1,1M 00009010

2202 VM2sVM24PV(1,41) 00009020
VM2sVM2/F I M 00009030

00 2205 I1s),IM 00009040

220% PU(JIMeI ) (PV(1el)=VM2)23,0 00009050
D0 2400 1s), M 00009060
iMIsMOD(14IMM2,IM) e 00009070

00 2400 Jsl,JM 000090R0

IF (JoEOo1) CONVME=PV(2,]1)%0,5 00009090

IF (JEQ JUM) CONVMEPY (M, )80,5 00009100

IF (Je6Tel oANDe JoLToJM) CONVMa=(PUIJol) =PlilJyIM1) 00009110

. PV(Jel 1 )=PV(Jel) )180,5 00009120

IF (LeFQo1) CONMIJ,1)=CONVM 00009130

IF (LeF0.2) PVIJI,1)2COINVM 00009140

2600 CONTINUE 00009150
IF(L.EQe2) GO TO 26410 00009160

Le2 00009170

60 10 215%0 00009180

26410 CONTINUE 00009190



(e N ol ol

26411

26402

2605

26420

410

4«20

430
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CONM S MASS CONVERGENCE AT L=l AND PV IS THAT AT Ls=2,

PR1=0,0

PH2=0,0

PP3s0,0

PB4=0,0

D0 2402 l=l,1IM
PBLsPR1eCONMI1,1)
PR2sPR24CONM{IM, 1)
PBI=PBIGPVILLI)
PB4sPRLHGPVIIM, 1)
PBL=PAL/FIN
PRA2sPR2/F1INM
PB3=sPRI/FIM
PB4=PR&/FIN

U0 2405 IsleInM
CONM{1,1)sPBL
CONM{JM, 1 )=PB2
PVil,1)=PB3
PVIJIM,1)=PBs

PO 2420 1I=l,1M

DO 2620 Js)loJM
WH=CONM{Jy1)=PViJ. 1)
WORK2(Jo1)=3600,0uN/(2.0%NXYP(J))
CONT INUE

1MM=0,0

WTiM=0,0

0NN 630 JsleJM
SUNM=0,0

N0 420 I=1,IM
SUMsSUMWORK2(J, 1)
CLAT=ABS(DXYP{J))
IM{J)=SUM/FINM
WTMSWTMOCLAT
IMMzIMHOIMIJ)SCLAT
IMMe I MM/WHTH
NPOL=IM{IM)
SPOL=2M(])

DATA NAMEL/'SIGMA VERTICAL VELNCITY (MH/MR)

DATA NL/13/
RETURN

END

v

00009200
00009210
00009220
000092 30
00009240
00009250
00009260
00009270
00009280
00009290
20009300
00009310
00009320
00009330
00009340
00009350
00009360
00009370
00009380
00009390
00009400
00009410
00009420
00009430
00009440
00009450
00009460
00009470
000094R0
00009490
00009500
00009510
00009520
00009530
00009540
00009550
00009560
00009570
00009580
00009590
00009600
00009610
00009620
00009630
00009640
00009650
00009660



/%
// 00 DISP=OLD,DSN=MEST27,ABN ,COMMON
/7

c
c

120

130
150

*

-331-

SUBRODUTY I NE
AVRX(K)

00 s
THIS SUBRDUTINE USES UT(Ll.lel) AS A WORKING SPACE

JMM] = M-1
IMM2e|p-2

JEegM/ 241

OEFF=OVYP(JE)

00 150 Je2, MM}
ORATeQEFF/DXP(Y)

IF (DRAT ,LT, 1l.) GD YO 150
ALP=0,125¢(DRAT~1,)

NM=DRAY

FNM=NM

ALPHA=ALP/FNM

00 150 Ns]  NM

00 120 [=1,1M
IP1sMOD(T4IM) o)
IM1eMOO( T 1MM2, IM) o)
UI(lolol)-01lJ.I.KDOALPuAOGOTGJoIPI.K)‘QIlJ.IHl.K)-Z.‘OIGJ.l
DD 130 I=l,1IM
OT(JoloK)=UT(1o1,41)

CONT INUF

RETURN
END

oK)

00009670
00009680
00009690
00009700
00009710
00009720
00009730
00009740
00009750
00009760
00009770
00009780
00009790
00009800
00009410
00009820
00009830
00009840
00009850
00009A60
00009870
00009880
00009890
00:/09900
00009910
00009920
00009930
00009940
00009950



-
/"
// 0D
/"

[a¥aNal

lo

220
410

15

%20
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S_U B R O v T | N 3

OISP-ULO.DSN-MES721.AHN.CONNON
()] »
LOGICAL LEV, STAGI,STAGY, 1ISL

COMMON /COUT/ ZN(#b)oSUﬂFoLFVoISL.NANEI13)

EQULIVALENCE (SURF,SIGL )
DIMENSTUN NAMEL (13)

RELATIVE HUMIDITY, MaAp TYPE 11

FIM = M
FIM = M
ST‘G'..F‘LSE.
STAGY= FALSF,

00 110 J=1,NL
NAME (1 )aNAMEL(])

00 220 1=}, (M

b0 220 Jst,gm

ES3 = 10.0“13.6051-2353.017(Jol'2))
P3CB = 1.75‘PlJo|)0PTRUP)II0.0

Q83 = 26229ES3/(P3ICB-EST)

Q3R = Q3(4,])

RH3 = 03R/QS)

WORK2(Je]} = RH3e]QQ,

WS=0,0

ﬂNl0.0

DD 415 Ja), 1M
HSEWSEWORK2(1,1)
WNaWNOWORK2 (JM, ] )
WSEWS/FIM
WNzWN/FIM

00 420 I=1,1M
WORK2(1,1}sws
WORK2 (M, 1) =wN

00009960
00009970
00009980
00009990
00010000
00010010
00010020
00010030
00010040
00010050
00010060
00010070
00010080
00010090
00010100
00010110
00010120
00010130
00010140
00010150
00010160
00010170
00010180
00010190
00010200
00010210
00010220
00010230
00010240
00010250
00010260
00010270
00Gi0280
00010290
00010300
00010310
00010320
00010330
00010340



430

450
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2MM=0,0

WiM=0,0

00 450 J=1,JM
SUM=0,0

0N 430 I=]l,IM
SUMsSUM + WORK2(Js1)
CLAT=ABS (DXYP(J))
IM(J)=SUM/FIM
WTM=WTM+CLAT
IMM=ZMM+ZM(J) *C) AT
IMM=Z MM/ WTM
SPOL=IM(1)
NPOL=ZM(JM)

DATA NAMEL/'RELATIVE HUMIDITY (PERCENT)

DATA NL/13/
RETURN
END

00010350
00010360
00010370
00010380
00010390
00010400
00010410
00010420
00010430
00010440
00010450
00010460
00010470
00010480
00010490
00010500
00010510
00010520
00010530
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S U B R O U T I N E 00010540

* MAP]2 00010550

/% 00010560
// DD DISP=0LDyNSN=MEST27,ABN.COMMON 00010570
// DD * 00010580
LOGICAL LEV, STAGI,STAGJ, ISL 00010590
COMMON /COuT/ ZM{46) ¢SURF4LEV,1SL,NAME(]3) 00010600
EQUIVALENCE (SURF,SIGL) 00010610
DIMENSION NAMEL(13) 00010620

C 00010630
c PRECIPITABLF WATER IN CM, MAP TYPF 12 00010640
c 00010650
FIM = M 00010660
STAGI=,FALSE, 00010670
STAGJ=,FALSE, 00010680

c 00010690
D0 110 I=1,NL 00010700

110  NAME(1)=NAMFL(]) 00010710
c 00010720
DO 220 I=1,1IM 00010730

D0 220 J=l,yM 00010740

220 WORK2(J,y1) = Q3(Js1)%P(J,1)%0.5%(10.,0/GRAV) 00010750
c 00010760
410 WS=0,0 00010770
WN=20,0 00010780

DO 415 1=1,IM 00010790
WSEWS+WORK2(1,1) 00010800

415 WN=WN+WORKZ(JM, 1) 00010810
WS=WS/FIM 00010820
WN=WN/FIM 00010830

0N 420 1=1,1M 00010840
WORK2({1,y1)=wsS 00010850

420 WORK2{JMy1)=WN 00010860
c 00010870
IMM=0,0 00010880
WiM=0,0 00010890

DO 450 J=1,JM 00010900
SUM=0,0 00010910

00 430 1=1,1IM 00010920

430 SUM=SUM + WORKZ(J,1) 00010930
CLAT=ARS(DXYP(J)) 00010940
IM(J)2SUM/FIM 00010950
WiMzWTM+CLAT 00010960

450 IMM=ZMM4IM( J)RCLAT 00010970
IMM=2 MM/ WTM 00010980
SPOL=ZM(1) 00010990
NPOL=ZM(JM) 00011000

c 00011010
DATA NAMEL/'PRECIPITABLE WATER (CM) '/ 00011020

DATA NL/13/ 00011030
RETURN 00011040

END 00011050
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[alalel

250

410

415

420

430

450
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3

MAP]3

DD »

LOGICAL LEv, SVAGISTAGY, [SL

COMMON /COUT/ IM(46b) 4 SURF

EQUIVALENCE (SURF,SIGL)

DIMENS 10N NAMEL (13

CONVECTIVE PRECIPITATION (MM/DAY) MAP TYPF |3

STAGL=,FALSF,
STAGJ=,FALSF,
FIM = 1M

PO 110 I=1,NL
NAME (T )=NAMFL(])

DD 250 1=z1,1M
0H 250 J=1,uM
CP=IRHIUT(J41,42))
WORK2(J,1)=CP/ 10,

WS=0,0

WNz0,0

00 415 [=),]M
WS=WS+WORK2(]1,1)
WN=WNSWORK2 (M, )
WS=WS/F1M
WN=WN/FIM

00 620 J=1,1M
WORK2(141)=WS
WORK2 (Mg I )=WN

IMM=0,0
WiM=0,0
DN 450 J=1,.4m
S“M=0.0
DO 630 J=1,1M

SUM=SUM + WORK2(J4,1])

CLAT=ARS(DXYP(J))
IM(J)=SUM/F M
WIM=WTMsCLAT
IMMZIMM+ZIM(J)SCLAT
IMM=2 MM/ WTM
SPOL=ZM(1)
NPOL=2M(JM)

DATA NAMEL/ *CONVEC

DATA NL/13/
RETURN
END

)

T

ES727.ABN,.COMMON

'LEVOISL o NAME(])3)

IVE PRECIPITATION (MM/DAY)

00011060
00011070
00011080
00011090
00011100
00011110
00011120
00011130
00011140
00011150
00011160
00011170
00011180
00011190
00011200
00011210
00011220
000112130
00011240
00011250
00011260
00011270
00011280
00011290
00011300
00011310
00011320
00011330
00011340
000111350
00011360
00011370
00011380
00011390
00011400
00011410
00011620
00011630
00011460
000011450
00011460
00011470
00011680
00011490
00011500
00011510
00011520
00011530
00011540
00011550
00011560
00011570
000) 1580
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S U 68 R n oy ¥ ] N _E

. MAP| &
/¢

// 0D UlSPIOLOoDSN-NES?Z?.AUN.CO"NUN
// 00 *
C

LOGICAL LEv, STAGISTAGY, ISL

COMMON /COUT/ IM(46) 4SURFLLEV, ISLoNAME(]3)
EQUIVALENCE {SURF,SIGL)

UIMENSION NAMEL(13)

EVAPURATION (E4 IN MM/DAY )y  MAP TYPE |4

[aXaKal

SYAGI'.FALSF.
FilMeln
SYAGJ'.FALS&.
IMM) e [ M=)
IMM2e | u=2
JHM] = M=)

JMM2e =2

00N 110 I=1,n

110 NAME( ] )aNAMEL (1)

0N 250 I=1,Im

DO 250 Jel,oJn

E4n IRHITT(Je142))
250 WNRK2(J, 1 )E&/10,

410 WS=0,0
WN=0,0
U0 415 le),In
WSeWSeWNRK2 (1,1}
415 WNSWNSWORK2 ( M, 1)
HSeWS/FINM
WN=WN/FIN
00 420 le]l,In
WORK2(1e1)ausS
420 WORK2(JM,])auN

00011590
00011600
00011610
00011620
00011630
00011640
00011650
00011660
00011670
00011680
00011690
00011700
00011710
00011720
00011730
00011740
00011750
00011760
00011770
00011780
00011790
00011800
00011810
0o0o0l1820
00011830
00011840
00011850
00011860
00011870
00011880
00011890
00011900
00011910
00011920
00011930
00011940
00011950
00011960
00011970



430

450

1MM=0,0

HIH-0.0

DD 450 Js=),JM
SUM=0,0

D0 430 I=],IM
SUMsSUM ¢ WORK2(J, 1)
CLAT=ABS(DXYP(J))
IM(JI)=SUM/FINM
WTMsHTMeCLAY

IMMs 2 MMeIM( ) SCLAT
IMMaZ MM/ WTH
SPOLsZINM(L)
NPOL=ZM(JNM)

OATA NAMEL/'EVAPORATION (MM/DAY)
OATA NL/13/

RETURN

ENO

-337-

) ()

00011980
00011990
00012000
00012010
00012020
00012030
00012040
00012050
00032060
00012070
00012080
00012090

00012100

00012110
00012120
00012130
00012140
00012150
00012160



/e

-338-

S_©U B R 0 U T I N £
MAP]LS

/7 DD DISPaOLD, OSNSMES 727, ARN o CHMMON

//

alalal

110

350

410

15

420

430

©50

00 .
OIMENSION NAMEL (13)
COMMON /COUT/ LMUL6) 9 SURFJLEV o] SL 4NAMF ( (3)
LOGICAL LEV, STAGJ, STAGI, ISL

SENSIRLE MEAT FLUX (F& IN TENS OF CAL®CMes-28nAY®s-]) Map 15

STAGI=.FALSF,
STAGJs FALSF,
FilMz]lm

IMML s M-}
1MM22 | M=2
JMM] 2 JN-}

JMM2s M2

00 110 T=1,NL
NAME (] )eNAMEL (1)

0N 350 Isl,iIm
00 350 J=),um
FosJLM(TT(Js1,2))
WORK2(Js1)=F4/t0,

WS=0,0

HN-0.0

0N 415 I=],1m
WSEWS+WORK2(1,1)
WNSHNOWNRK2 (M, ] )
WSesWS/FIM
WN=WN/FIM

00 420 [2],IM
WORK2( 1ol )awsS
WORK2(JM, 1 )uwN

IMM=0,0

WTM20,0

DN 450 Jsf,gm
SUM=0,0

(00 430 [=],Im
SUMSSUM & WNRK2(J,1])
CLAT=AUS(DXYP(J))
ML) sSUM/FIM
WTIMsWTMOCLAT

IMMe I MMeIM( ))oCLAT
TMMe 2 MM/ W TN
SPOL=2M(])
NPOLe?M{gM)

OATA NAMEL/'SENSTRLE HEAT FLOX (10 CAL/CMe82/DAY)
DATA NL/T3/
RETURN

£ND

v/

00012170
00012180
00012190
00012200
00012210
00012220
0004122 30
00012240
00012250
00012260
00012270
0on0j22a0
00012290
00012300
00012310
00012320
00012330
00012340
00012350
00012360
00012370
00012340
000121390
00012400
00012410
00012420
00012430
00012440
00012450
00012460
00012670
000]124R0
00012490
00012500
00012510
00012%20
00012530
00012540
00012%50
n0012560
00012570
00012980
000125%90
00012600
00012610
00012620
00012630
nNonj26640
00012650
00012660
00012670
000124680
00012690
0002100
nooL2710
00012120



// DD DISPeOLDDSNEMEST27,ABN,COMMON

/

[N el e

/

1o

220

410

420

430

S_U R R D

-329-

F

L MAP 16

DD e

LOGICAL LEV, STAGY,
COMMON /COUT/ IMIG6) ¢ SURF ¢ LFV 4] SLoNAME(]3)
EQUIVALENCE (SURF,SIGL)

DIMENSTON NAMFL(]3)

LOW LEVFL CONVFCTION (DFG) MAP TYPF 16

FilMes]lm
STAGJ=,FALSF,
STAGI=.+ALSE,

00 110 I=1,NL
NAME (T )eNAMEL (1)

DO 220 Is=},IM
DO 220 Je=]um
FLSCeJLHIUT(Jol42))
WORK2(Jel)eFLSC/ 10,

IMM=(Q 0

HTNl0.0

DO 6430 J=],um
SUM=0,0

DO 620 Je],]m
SOUMS(MIWNRK2 (Jy 1)
CLAT=ABS(OXYP(J))
INLI)eSUM/FIN
WTMoWTMeCLAY
IMM=ZMMeZM(J)OCLAT
IMMe I MM/WT M
NPOL=ZM(JM)
SPOL=2M(])

DATA NAMEL/9LOW LEVFL CONVECTION (DF6G CENT)

DATA NL/I3Y
RETURN

END

000127130
00012740
00012750
00012760
00012770
00012780
00012790
00012800
n0ni2810
00012820
00012830
00012840
00012850
00012R860
00012870
00012880
00012490
00012900
00012910
00012920
00012930
00012940
00012950
00012960
00012970
00012980
00012990
00013000
00013010
00013020
00013030
00013040
00013050
00013060
00013070
00013060
00013090
0001310¢
0ono0l3lto
00013120
000131130
0n013140



S U B R O U T I N_E
MAP 17

// 00 OISP=OLO,OSNSMEST27,ABN,CNMMAN

/

[aXaNala

/

101
102
103

104
220

oD »

LOGICAL LEVy STAGJ, STAGI, ISL

COMMON /CNUT/ 2ZM(46) ¢SURF4LEV.ISL.NAME(]3)
EQUIVALENCE (SURF,SIGL)

DIMENSION NAMEL(13)

WIND DIRECTINN, MAP TYPE 17
(NORMALLY POLAR PROJECTED)

P102sP]*,5
P102T73=P1D2#3,
PIT2s=P1»2,
RPID35=35,/P1T2

0 220 Is],1IM

00 220 Js=l,JM

WU=WORKL(Jy 1)

WVSWORK2(J,e1)

K=])

IF (WU oGEs Oo) KaKel

IF (WV,EQ, 0,) GO TN (103,106),K
IF (WV ,GE. 0,) KuKe?2

IF (wu «EQ, 0o ) KuKed
ANG=ATAN(NU/WYV)

GD TN (2204101,102,1024,1014101,102,102), K
ANG=ANG+P]IT2

60 70 220

ANG=ANGeP]

GO T0O 220

ANG=P 102

G0 T0 220

ANG=P102T3
WNRK2(Jos1)=ANGORPINIS+],0

00013150
00013160
00013170
00013180
00013190
00013200
00013210
00013220
00013230
00013240
00013250
00013260
00013270
00013280
00013290
00013300
00013310
00013320
00013330
00013340
00013350
00013360
00013370
00013380
00013390
00013400
00013410
00013420
00013430
00013440
00013450
00013460
00013470
00013480
0001 3490
000113500



420

430

=341~

DO 110 1s),NL
NAME (1 )mNAMEL (1)
STAGJs=,TRUE,
STAGLs=, TRUE,
FIM= M

l””'Ooo

”'“-000

00 430 ys)yym
SUM=0,0

00 420 Is),]1M
SUM=SUMSWORK2 (U, 1)
CLAY-ABS(CGS€lA7(Jll)
LML) sSUM/FIM
WTMsWTMeCLAT
IMME2 MMe 2 MIJ)OCLAT
IMM= 2 MM/ NT M
SPOL=2M(])
NPOL=ZM(YM)

DATA NAMEL/'WIND DIRECT ION

OATA NL/13/
RETURN

END

'/

00013510
00013520
00013530
00013540
00013550
00013580
00013570
00013580
00013590
00013800
000138)0
000113620
00013630
00013640
00013650
00013660
00013670
00013680
00013690
00013700
00013710
00013720
00013730
00013740
0nG137%0
00013760
00013770



-342-

S__U 8 R 0 U T | N E
MAP

/7 0D DISPeOLD,DSN=MEST27, ARN.COMMON

/

[aNaNaNe]

/

220

110

410

420

430

DD =

LOGICAL LEV, STAGY, STAGL, 1SL

COMMON /COUT/ IM(48) sSURF,LFEV,SL.NAMF(]3)
FOUIVALENCE (SURF,SIGL)

OIMENS 1ON NAMEL(]3)

MAP WIND DIRECTINN, MAP TYPE |A
(MEANINGFUL ON CLYNDRICAL PROJFCTION ONLY)

Pl02sPle,5
PI1D273epP D293,
PiT2sp] 92,
POTIB=1A./P]

00 220 1=1,1m

00 220 J=1,Jm

WUSWORKL(Js1)/7DXU(J)
WVSHORK2(Js 1) /DYV ()

1F (wu .EO. De «AND, WY «FQ, 04) Wv=],
ANGSATAN2 (W) WV)

IF (ANG LT, 0,.) ANGSANG+P | T2
WORK2(Jo1)eAMND (ANG*POTIAR+18,,36,)

DO 110 Jel,NL
NAME(] )eNAMEL(])
FlMe]lM

STAGJs=, TRYE,
STAGle,TRUE,

21 MMe0,0

WTMe0,0

00 430 Je)odm
SUM0,0

0N 420 Je],1M
SUMsSUMONWURK2 1y 1)
CLAT=ABS(COS(LAT(J)))
LMY ) =SUM/FIM
WTMeWTMeCLAT

1MMe 2 MMe2 M J)oCLAT
TMMe 2 MM/WT M
SPOLs2M(])
NPOL=2ZM(JM)

DATA NAMEL/'MAP WIND DIRECTINN

OATA NL/13/
RETURN

END

v

00013780
00013790
00013800
00013m10
00013820
00013830
00013840
00013850
00013860
00013870
00013naA0
00013890
00013900
00013910
00013920
00013930
00013940
00013950
00013960
002713970
000139Aa0
00013990
00014000
00014010
00014020
00014030
0001 4040
00014050
000] 4060
00014070
000140R0
00014090
00014100
00014110
00014120
00014130
00014140
00014150
00014160
00014170
00014180
00014190
00014200
00014210
000] 6220
00014230
00016240
00014250
00014260
00014270
00014280
00014290
00014300



-343-

S U B R 0 U_T | N ¢ 00014310

. HAPL9 00014320

7/ 0D OISP=DLO,DSNSMEST27,ABN,COMMON 00014330
77 oo e 00014340
COMMON /7COUT/ 2M146) ¢ SURF o LEV, 1SL,NAME{]3) 00014350
LOGICAL LEV, STAGJ, STAGI, ISt 00014360
OIMENSION NAMEL (]3) 00014370
LDGICAL LMLF 00614380

c 00014390
c LONG WAVE CONLING, MAP TYPE |9 000144C0
c 00014410
FlMelm 00014420
STAGY= FALSE, 00014430
STAGI= FALSF, 00014640

c 00014450
C 00014460
LHLF= SURF LT, .5 00014470

00 110 1=},Nt 00014480

110 NAME(1)=NAMEL (1) 00016490
00 118 Jxl,gmM 00014500

118 IM(J)=0,0 00014510
c 00014520
0D 150 1=1,1M 00014530

00 150 Jej, M 00014540

IF (LMLF) 6N Tn 125 00014550
ACCEIRMIVT(Jy142)) 00014560
ACC=ACC/100, 00014570

G0 TN 140 00014580

125 ACCEILMIVI(Je142)) 00014590
ACCsACC/100, 00014600

160 IM{J)=2M(g)eACC 00014610
150 WORK2(J,1)=ACC 00014620
c 00014630
IMM=0, 00014640
WTM=0,0 00014650

00 158 Je], M 000146460
WIMEWTM o ARS(DXYP(y): 00014670

ML) =2MLY) ZE 1M 000146R0

158  ZMMa2MMeZM(J)#ARS (DXYD () ) 00014690
2MMz? MM/ WT M 00014700
SPOL=ZM(]) 00014710

NPOL =2 ML M) 00014720

c 00014730
DATA NAMEL/'LONG WAVE HFATING IN LAYERS (DEG CENT/DAY) '/ 00014740

DATA NL/13/ 00014750
RETURN 00014760

c 00014770

END 00014780



-344-

§$ U B R 0 U T ] N E
: BAP2Q
// DD OISP=0LD,OSNSMEST27,ABN,COMMON
1/ 0D e
COMMON /COUT/ IM{466) ¢SURF (LEV I SL4NAME(13)
c ABSORBTION OF INSOLATION, MAP TYPE 20

LOGICAL LEV, STAGJY, STAGI, ISL
DIMENSINN NAMEL(13)
LOGICAL LMLF

c
FiMs M
STAGJYs,FALSF.
STAG1s ,FALSE,
C
LHLFs SURF ,GT, o5
C

N0 110 [=1,NL
110 NAME(I)eNAMEL(])

0N 158 Jysl,yum
IR IN())e0,

NN 150 1sl,In
N0 150 J=lounm
IF (LHLF) GO TD 125
ACCRILMHITT(Is10L )
ACCsACC/100,
GO 10 140

125 ACCSIRMITT(Jol01))
ACCs=ACC/100,

1640 IM{J)sZMLJ)eACC

150 WORK2(J41)eACC

1MM=0,0
WTNe0,0
00 158 Jslynm
WTNSHTM ¢ ABSINDXYP(J))
INLDIsIN(S)/FIN
158  ZMMsZMMeZIN(J)*ABSIDXYPII))
TAMs ] MM/ W TH
SPOL=ZM(1)
NP(ILesIM(IN)

OATA NAMEL/'ABSORPTION OF IN:OLATION IN LAYERS (OEG CENT/OAY) ¢/
DATA NL/13/
RETURN

ENO

00016790
00014800
00016810
00014820
00014830
00014840
00014850
00014860
00014870
00014880
00014890
00014900
00014910
00014920
00014930
00014940
06014950
00014960
00014970
00014980
00014990
00015000
00015010
00015020
00015030
00015040
00015050
00015060
00015070
00015080
00015090
00015100
00015110
00015120
00015130
00015140
00015150
00015160
00015170
ocol1s5180
00015190
00015200
00015210
00015220
00015230
00015240
00015250
00015260



=345~

2 U B R 0O U T 1 N E
MAP

HpR2)
// DD DISP=OLDDSNSMEST27,ABN,COMMOIN

//

(e Nalal

330

4«20

&30

DD =

LOGICAL LEV, STAGJ, STAGI, ISL

COMMON /COUT/ IM{46) ¢SURF (LEV41SL NAME(]3)
EQUIVALENCE (SURF,SIGL)

DIMENSION NAMEL(13)

WIND SPEED, MAP TYPF 2]

IMM2s [ M=-2
NLLIERL LS

DO 110 Is=1,NL
NAME (] )eNAMEL(])

STAGJSs=, TRUE,
STAGI=,.TRUE,

D0 330 Is],IM

D0 330 J=2,uM
WINDEWORK2(Jo 1) 0% 24WURK]L (), 1) 082
WORK2(Jo1)=SORT(WIND)

FliMesl M
IMM=(), 0

WTiMs0,0

00 €30 J»2,JM
SUM=(,0

DO 620 Isl,IM
SUMSSUM+WORK 2 (Jo1)
CLAT-AHS(COS(.S‘(LA!(J-!’OLAI(Jl)i)
TMEJ)eSUM/FIM
WTMsWTMeCLAY
IMMs2 MMe I M) oCLAT
IMMS I MM/ T M
SPOL=2(2)
NPOLSZM(JM)

DATA NAMEL/'MAGNITUOE OF THE VECTOR WIND (M/SEC)

DATA NL/1/
RETURN

END

00015270
00015280
00015290
00015300
00015310
00015320
00015330
00015340
00015350
00015360
00015370
00015380
00015390
00015400
00015410
00015420
00015430
00015440
00015450
00015460
00015470
00015480
00015490
00015500
00015510
00015520
00015530
00015540
00015550
00015560
00015570
00015580
00015590
00015600
00015610
00015620
00015630
00015640
00015650
00015660
00015670
00015680
00015690
00015700
00015710
00015720



=346~

S U B R 0 U 7 ] N _E
MAP

JAP22
// 00 DISP=OLD,DSN=MEST727,ABN ,COMMON

//

[aXeNgl

275

158

DO

COMMON /COUT/ lNCbb)oSURF'LEV.ISLoNANEll3)
LOGICAL LEV, STAGY, STAGI, ISL
DIMENS IDN NAMEL(13)

SURFACE INSOLATION Map TYPE 22

FiMe]m
STAGJ=,FALSE,
STAGI=,FALSF,

DO 110 J=1,NL
NAME( ] )eNAMEL(])

00 150 Jy=1l,4M
ZM'J’.OOO

00 275 l=],im
D0 275 y=1,uM
ACC=ILHISD(J,y1))
ACC=aCC/10,
IM(J)=2M(J)+ACC
WORK2(Js1)=ACC

IMM=0,0

WTM=0,0

DN 158 J=1,uM

WTMaWTM + ARS(DXYP(J))
IM(J)=ZM(Y)/F M

lNMlZNMOINCJ)‘AESCDXVPIJ))
TMMa I MM/ WTM

SPOL=2M(])

NPOL=ZM{ M)

DATA NAMEL/*SURI-ACE INSOLATION ABSDRPTION {100 CAL/CM®s2/DAY)

DATA NL/13/
RETURN

END

'/

00015730
00015740
00015750
00015760
00015770
00015780
00015790
00015800
00015810
00015820
00015830
00015840
00015850
00015860
00015870
00015880
00015890
00015900
00015910
00015920
00015930
00015940
00015950
00015960
00015970
00015980
00015990
00016000
00016010
00016020
00016030
00016040
00016050
00016060
00016070
00016080
00016090
00016100
00016110
00016120
00016130
00016140



-347-

S U B R 0O U T | N E
@ M

MAP 23
// DU DISP=(LD,DSN=MEST27,ABN .COMMON

7/

220

410

“20

430

0D =
LOGICAL LEV, STAGJ, STAGI, 1SL

COMMON /COUT/ IM(46) 9SURF4LEV 150 yNAME (13)

EQUIVALENCE (SURF,SIGL)
DIMENS ION NAMEL (13)
SURFACE A1R TEMPERATURE, MAP TYPE 23

FlM=IM
STAGJ=.FALSF.
STAGI=,FALSE,

00 110 1=1,NL
NAME(1)=NAMEL(])

DO 220 I=1,1M

DO 220 J=1,uM
TT4=1LHIQ3AT(Jy1))
WORK2({J41)=TT4/10, ~ TICE

IMM=0,0

WTM=0,0

00 430 Jy=1,uM
SUM=0,0

DO 420 I=1,1M
SUMESUMSWORK2({J, 1)
CLAT=ABS (DXYP{J))
IMIJ)=SUM/FIM
WTMaWTM+CLAT
IMM=Z MM+ 2 M J)2CLAT
IMMEZ MM/ WTM
NPGL=ZM( UM)
SPOL=ZM(])

DATA TICE/273,1/

DATA NAMEL/'SURFACE AR TEMPERATURE (DEG CENT)

DATA NL/13/

RFETURN
FND

00016150
00016160
00016170
00016180
00016190
0001¢200
00016210
00016220
(0016230
0001624}
00016250
00016260
00016270
00016280
00016290
00016300
00016310
00016320
000163130
00016340
00016350
00016360
00016370
00016380
00016390
00016400
00016410
00016420
00016430
00016440
00016450
00016460
00016470
00016480
00016490
00016500
00016510
00016520
00016530
00016540
00016550
00016560



/7 DO DISP=0LO,0SN=MEST27,ABN,CIIMMON

/7

(¥ aNe!

110

150

275

158

S U B R 0 U

* MAP24
DD »

COMMON /COUT/ 2ZM(46) ¢SURF4LEV ]I SL,NAME(13)

LOGICAL LEV, STAGJ.
OIMENSION NAMEL(13)

~348-

GROUNO TEMPERATURE (OEG CENTIGRAOE)

FIM=]IM
STAGJ=,FALSE,
STAGI=,FALSE,

DO 110 I=)4NL
NAME(T)=NAMEL (1)

00 150 J=l,JM
IMlJ)=0,0

00 275 I=1,1IM

00 275 J=1,JM

ACC = GT(JyI) - TICE
IM(J)=ZM(J)+ACC
WORK2(J41)=ACC-.0001

IMM20,0
WTM=0,0
DO 158 J=1.JM

WTMzWTM + ABS(DXYP(J))

IM(J)=ZM(J)/FIM

IMM=ZMM+ZM(J)*ABS(DXYP(J))

ZMM=ZMM/WTM
SPOL=ZM(])
NPOL=ZM(JM)

DATA TICE /273.1/

DATA NAMEL/'GROUND TEMPERATURE

DATA NL/13/

RETUR{
ENO

(DFG CENT)

MAP TYPE 24

00016570
00016580
00016590
00016600
00016610
00016620
00016630
00016640
00016650
00016660
00016670
00016680
00016690
00016700
00016710
00016720
00016730
00016740
00016750
00016760
00016770
00016780
00016790
00016800
00016810
00016820
00016830
00016840
00016850
00016860
00016870
00016880
00016890
00016900
00016910
00016920
00016930
00016940
00016950
00016960
00016970
00016980



-349-

S U B R O U T I N _E 00016990

* MAP25 00017000

// DD DlSP-OLD»DSNIMES727.ABN.COMMON 00017010
// DD » 00017020
COMMON /CoOuT/ ZN(#G).SURF.LEVoISL-NAME(13l 00017030
LOGICAL LEvV, STAGY, STAGI, ISL 00017040
DIMENSION NAMEL(13) 00017050

C 00017060
c WETNES, MAP TYPE 25 00017070
c 00017080
FlMeIM 00017090

1MM22 [ M-2 00017100

JMML = gM~] 00017110
STAGJ=,FALSE, 00017120

STAGI =, FALSE, 00017130

c 00017140
DO 110 I=1,NL 00017150

110 NAME(1)sNAMEL(T) 00017160
c 00017170
IMM=0,0 00017180

DO 118 Jxj,um 00017190

118 2M(y)=0,0 00017200
c 00017210
DD 128 1=1,IM 00017220

DO 128 J=),yMm 00017230
ACC=GWiJ 1) 2}0, 00017240
ZMLJ)=2M () +ACC 00017250

128 WORK2(y,1)=aCC 00017260
C 00017270
WTM=0,0 00017280

DN 158 yY=1,9M 00017290
WTMsWTM o ARS(DXYP(J)) 00017300
IM(J)=2Mig)/7F 1M 00017310

158 IMMIZMM#ZM(Jl*ABS(DXVP(Jll 00017320
IMM=2 MM/ WT M 00017330
SPOL=ZM(}]) 00017340
NPOL=2M(JM) 00017350

DATA NAMEL/'GROUND WETNESS (SCALED 2ERD TN TEN) '/ 00017360

DATA NL/13/ 00017370

c 00017380
RETURN 00017390

c 00017400

END 00017410



// 0D DISPsOLD NSN=MFST2T7,ABN,COMMNON

//

110

150

275

15R

*

0

*

S U B R N 0 T 1 N

F

MAP26

0O s

COMMON /COUT/ ZM{48) sSURFGLEV,ISL NAMF(13)
LOGICAL LEV, STAGJ, STAGI, 1SL
COMMNN /EXCOM/CCU46+T244)¢eCPCL{%H4T72),CPCII4E.T2),

-350-

PRCLH{46,T72) ¢SRE{4b,T2)

DIMENSINN NAMEL(13),NAMF2({13) NAMF3{13)

FlMalM
STAGJ=,FALSF,
STAGIs,FALSE,

K=

IF (SURF,GT.0,5) K=2

1F ‘SURF'EQ".O) K=}

lF ‘SURF.G"Q‘.O) K=&

DO 210 1a1,4NL
NAME(T)=NAMEL(])

“F (KeFO,2) NAME(T)=zNAMF2(])
IF (K,FO,%) NAME(])aNAMFESG( 1)
IF (KoFQo.3) NAME(])=NAMF3(])

on 150 Jal,JdM
IM(J)=0,0

NN 275 I=1,1M

0N 275 J=l4JM
ACCaCClJol4K)

IF (ACC.LT,0,0) ACC=20,0
IMJ)=ZMIJ)+ACC
WORKZ{Js1)=ACC

IMM20,.0

WTM20,0

0on 158 J=1,JM

WTM=WTM & ABRS{DXYP(JY)
IM{J)=IM{J)/FIM

TMM= MM+ 2 M{ J)*ARSIOXYP(J))
IMMaZ MM/ WTM

SPNL=ZM{1)

NPOLaZM{JM)

DATA NAMEL/*HIGH CLOUDINFSS
OATA NAME2/*MIDDLF CLOUNDINESS
DATA NAME3/°'LNW CLNUDINFSS
NATA NAME&/'CLNOUOINFSS

DATA NL/13/

RFTURN

FND

v/
'/
v/
v/

00017420
00N1T74630
Q0017640
00017450
00017460
00017670
00017480
00017490
00017500
00017510
00017520
onni17530
00017540
00017550
00017560
00017570
00017580
00017590
00017595
00017600
00017610
00017620
00017625
00017630
00017640
00017450
0nn1 7660
ond1IT670
000176A80
00017690
ooN17700
00017708
000177106
00017720
00017730
00017740
00017750
00017740
00017770
00017780
00017780
00017800
00017810
00017820
00017830
000178460
N0017R50
00017860
0001 TAKS
00017870
00017840
N00L7A90
00017900
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S U B R 0O ¢ T 1 N F
s MAP2?

17 00 DISP=OLNDSNEMEST27,AKN,COMMON

//

“20

&30

nn s

COMMON /COUT/ IMI46) ¢SURFGLEV ] SL . NAMF(]3)
LOGICAL LEV, STAGY, STAGI, ISL
FODTVALENCE  (STGL ¢ SURF)

NIMENSION NAMEL(]13)

FiMslm

STAGU= FALSF,
STAGIs FALSF,

DO 110 T=)4ML
NAME (T )=NAMFLIT)

NN 220 J=) o JM
N 220 T=],1M
WORK2{ e 1)=PTROPSURFEP (1,1}

00 118 J=)gM
IM{Y)=0,.0

IMME0,0

WiM=0D,0

N0 430 Je) oM
SUM=0,0
CLAT=ARS(DXYP{Y))
DI 420 J=)eIM
SUMESUMINORK2 (e 1)
IM{J)=SUM/FIM
WTMsWTMeCLAT

IMME2Z MMaZM( ) OCLAT
ITMMs 2 MM/WTM
SPOL=ZML]))
NPOL =2 M({ gM)

DATA NAMFL/'PRESSIIRE AT SIGMA SURFACE
DATA NL/I3Y
RETURN

END

'/

00017910
00017920
00017930
00017940
00017950
00017960
00017970
00017980
00017990
00018000
00018010
00018020
00018030
N001A040
00018050
0001R0AK0
00018070
0001R0ORPO
0OOL1R090
00018100
0001A110
0001R120
0001R]30
00018140
N001R] 50
0001R160
00018170
0001R1RO
00018190
00018200
N001R210
0N01R220
N001R230
00018240
00018250
n0N18260
00018270
00N1R2R0O
0001R290
00018300
00018310
N0001R320
0001R3AN
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S U B R D U I 1 N F
. MAP2R '

// DD DISP=OLDHSNEMEST2T7,ARN ,COMMON
/7

o

110

“20

430

[01) I

COMMNON /CNUT/ IM(GBTSURFGLEV,TSL yNAMF(]11)

LOGICAL LEV, STAGY, STAGI, ISL

FOQUIVALENCE (S1GL,SURF]

Cn”"ﬂ“ JTEXCOM/CC(664T72,41,CPC1146, T21,CPC3(4K,T72),
PRCLH(GH, 77)05“4(#60'2)

UINENSIDN NAMEL(131]

FilMa]1M

STAGU=FALSF,
STAG1s=,FALSF,

Ll=1]

L2=2

SIGL1=SIGIL])
SIGL2=S1GIL2I
NS16=],/(SIGL2=-SIGL])
SURFMT=SURF=-PTRNP

IF (LEV) SIGX=SIGL

DN 110 I=]1,NL
NAME(11=NAMFLI(]1]

DD 220 1=1,1M

DN 220 Js=] o JM

1F (JNNTLLEVIE SIGX=SUREFMT/P(4] 1

H1=2CPCI(Je1)

H3=CPC3(Jsl)

WIRK2(JoI1=NSIGRI(SIGL2=SIGX)®H] & (SIGX=-SIGL][*H3)

00 118 J=1,0M
IM(J)=0,0

7MM=0,0

WiM=20,0

DD 430 J=),JM
SUM=20,0
CLAT=ARS(OXYPIJ))
DN 420 1=21,1M
SUMSUMeWNRK2{J, 11
IMIJ)=SUM/FIM
WTMzWTMeCLAT
TMM32MMeZM(J)*CLAT
TMM2 2 MM/WTM
SPOL=ZM(])
NPOL=ZM( M)

DATA NAMEL/*TNTAL CONVFCTIVE HEATING (DEG CENT/DAY]
DATA NL/13/
RETORN

END

00018340
0018350
00018360
0001R3T70
Q0018380
00018390
00018400
00018410
10018420
00018430
00018440
N0GBLIRGS0
006GIR6K0
018670
00018480
00018490
00018500
00018%10
00018520
00018530
00018540
00018550
00018560
00018570
00018580
00018590
00018600
00018610
00018620
0001R&30
00018640
00018650
00018660
00018670
00018680
00018690
00018700
00018710
00018720
00016730
00018740
00018750
00018760
00018770
0001R7RO
00018790
00018800
0001A8R10
00018820
00018830
00018840
0ON01RASO
00018860
0001RA 70
0001RARO
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S. B SR T 1 N F
® MAP2Q

/7 0O DISP=OLDDSNeMEST? 7, AKN, COMMNN

//

220

1B L]

420

430

nn =
COMMON /COUT/ lﬂ(hbloSURFoLEVoISLoNAMFll3I

LOGICAL LEV, STAGY, STAGI, 1S5L

FOUIVALENCE (S1GL.SURF]

Cnumny /FXCHM/CClk6.72.6IoCPCl(66.7?!.CPC$(A&.72|«
L PRCLHI46,T2) ,SR4(48,701

CIMENSION NAMEL(]13)

FiMem

S"GJ'.‘ALSF.

STAGL=, FALSF,

L]

L2x2

SIGL1=SIG{L))
SIGL2=SIGIL?)
CSIG=1./(SIGL2-SIGLY)
SHMFMTISHRF-PTROP

IF (LFVY SInX=SIGL

DR 110 1=),NL
NAME (1) «NAMEL (])

M) 220 Ix],4)M

DO 220 J=], M

IF (JNDTLEV) SIGX=SURFMT/P(J,1)

Hl=0,0

H3=zPRCLH(J, 1)

HURKZ(J.IllDSIG‘llSIGL?-SIGXItHl + (SIGX=-SIGLY)I*®HIY

D0 11R g=1,ym
IM(J)=0,0

IMM=0),0

WiM=0). 0

DO 430 Jgxl, M
StUM=0,0
CLAT=ARS(NXYP(J))
DD 420 12],1IM
SUMeSUMIWORK2 (o 1)
TME) =SUIMLFIM
WTM=WTMaCLATY
ITMMeZ MM+ 2 M F)SCLAT
ZMM=2 MM/ WT M
SPOL=2M(1)
NPHL=IM{ M)

NATA NAMEL/YLATENT HFATING IN LAYFR (OFG CENT/DAY)
DATA NL/13/
RETURN

END

v

0001RR9D
0001R900
00018910
00018920
00018930
00018940
00018950
00018960
60018970
0001R9R0
00018990
00019000
00018010
00019020
00019030
00019040
00019050
00019040
00019070
000190R0
0009090
00019100
00019110
00019120
00019130
00019140
00019150
onojiaiso
00019)70
000191R0
00019190
00019200
00019210
00019220
00019230
00019240
00019250
060192640
00019270
000192A0
00019230
00019300
00019310
noN19320
19330
00019340
0603G193%0
000149360
00019370
000)193R0
000191390
00019400
00019430
00019420
00019430
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S U W R B U ¥ ¥ N F
] MAP 30

// 00 DISPsOLO,HSNaMEST27  ARN,CIMMON

/7

e g}

110

150

215

158

C

DT

COMMON /COUT/ IMI6H) SURF 4LEV oI SL 4NAME (13)

LOGICAL LEV, STAGJ, STAGI, ISL

CAMMAN TEXCOM/CC (46472440 4CPCLIGH,T2),CPCIM6H,T2),
» PRCLH(66,72) SRG(6h,72)

DIMENS JON NAMEL(13)

FilMs]lm
STAGJ=,FALSE,
STAGl=,FALSE,

N0 110 J=1,NL
NAME (1) sNAMEL(])

00 150 J=? ;M
IMig)=0.0

DN 275 1=1,1Im
DO 275 Jd=14JM
ACC=,0193R4(,1)
IMIJ)=2M( ) +ACC
WORK2{Js1)=2ACC

7m0, 0

WiMz0),0

DO 158 Js] M

WIM=WTM & ARS(OXYP(J))
IM(L)Y=2M(I)/F 1M

IMM= 2 MMAZM( J)SABSTOXYP(S))
ITMM= I MM/ WTM

SPOL=ZM( 1)

NPOL22M( M)

NATA NAMEL/'SURFACFE LONG=WAVE CONLING (100 CAL/CMe82/0AY) '/
DATA NL/13/
RETURN

FNO

N0019460
aN019450
nNNn19460
noN196T0
00019480
00019490
00n19500
00019510
0nn19520
non19s53n
nnn19540
00019550
0nn19560
00019570
N00195R0
0009520
0n019600
00019610
noN19620
nnn196130
00019640
0n019650
nNNn19660
00019670
00019680
000194690
800t9700
00019710
no019720
0nn19730
nN0019740
nnoni1e7s50n
onn1s76n
00019770
00019780
0nni1e79n
00019800
nNN019810
0N019820
N0N19R30
nNNN19840
00019A50
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S U KW & 0w T 1 N ¢
b4 NAP Y
/7 DO DISP=OL0D, OSNEMESTZ T, ARN, COMMON
// on s

COMMAN /COUT/ IMI46) 4 SURF LFV, ] SLoNAME(13)

LOGLICAL  LEV, STAGJY, STAGL, ISL

CommMNN TEXCOM/CLI46,T204) 4CPCYI4A,T2),CPCILGO,T2),
. PRCLH{46,72) 4SR4(4H,72)

DIMENSTION NAMFL(13)
C
C
FiMz]lM
S'AGJ'.FALSF-
STAGI= FALSF,
C
C
C

CALL map 27
0N 275 1=1,1mM
DO 275 Us=l,JM
275 WORKI(Jy 1) =WORK21D41)
CALL MAP 30
0N 280 I=1,1M
DN 280 J=],IM
ZR0 WORKI (Jo 1) =2WORKLEDe 1) =WIRKZ (Je] )}
CALL MAP 15
00 285 [=1,1IM
D0 285 J=],.0M
285 NnRKl‘Jol:=NHRKI(J01)'Onl‘NnRK?(Jol)
CALL MAP 1s
0N 290 I=],1M
DO 290 J=1,.IM
290 NORK?‘J!I)thRKl‘Jo(!'OnsﬂOON”RKZ(Jol’
00 150 Js),umM
150 IM(J)=0,0
DN 300 T=z1,1Im
DO 300 Jxl,yamM
300 ZMIJS)=2M(J)eWNRK2(Je 1)

IMM=0, 0
WTM=0,0
DN 198 J=],JM
WIM=WTM ¢ ARS(DXYP(J))
IMIJ)I=2MJ)/FIM
158  ZMM=7MMe 7 M(J)SARSINXYP(J) )
IMM I MM/ WTH
SPNL=72M(1)
NPOL=ZM(JM)
DTID §=],N(
110 NAME(])=NAMEL(])

C
DATA NAMEL /*SURFACF HFAT RALANCF (100 CAL /CM22 /DAY) v/
DATA NL/13/
RFTURN

C

FND

0O0N1I9R60
00019A70
00019RAR0
00019R90
00019900
00039910
00019920
00019930
00019940
00019950
00019960
00019970
00019GA0N
00019990
00020000
00020010
00020020
00020030
00020040
00020050
00020060
non20070
00020080
00020090
00020100
00020110
00020120
00020130
00020140
00020150
00020160
00020170
00020180
NN020190
00020200
00020210
00020220
000202 30
00020240
00020250
00020260
00020270
00020280
00020290
00020300
00020310
00020320
00020330
00020340
00020350
00020360
00020370
00020380
00020390
00020600
00020610



/*

=356~

S U # R O U T I N F
Comp3

// 00 O1SP=OLO,DSN=MEST27,ABN,COMMON

//

[aXaKa

lo

00 ]
EQUIVALFNCE (KKKoXXX)
LOGICAL 1CF, LAND, OCFAN, SNOW, KFY
COMMON /EXCOH/CC166.72.6).CPC1146.72l.CPC3(66.72).
PRELHI46472) 4SRG146,72)

TRANSIX)ale/il,41,758X%% ,416)
TRSW(X)zle=.2712X%%,303

JMML 3 M=
ITMM22 [ M-2
JMM23 JM=2
THa[M/24+]
FiMsIM
SIG1=S1Gi1)
S163=S1G(2)
NSI1G=S16G3=-S1G1

GWM= 30,
DTC3=FLOATINC3) =0T
RCNV=DTC3/TCNYV
CLH®5R80,/.2¢
PLOK=1000,**KAPA
CT1=,005
CTID=R,64F4*CT]
HICE=300,
TICE=273.1

PMzPSE-PTROP
COE=GRAV#100,/(0,5%PM*1000,%0,24)
COFE1=COF*DTC3/(24.23600,)
SCALFUsCNE=]100,

TSPN=NAY/DTC3
SCALEP=TSPN*,5%(10,/GRAV)*100,
CONRAD=180,/P1

CNRX=CONRAO®*,01

FSDEDY=SDFDY
SNﬂHN!‘bO.-lS.‘COSl.98b3‘(FSﬂFﬂY-26.668)/CUNRAD)l/CﬂNRAD
SNOWS=-60,/CONRAD

SURFACE WIND MAGNITIOE

DO 10 I=1,10M

0N 10 J=2,JM
US22.#(S1632U(de142)=SIG1%(de]41))%0,7
VST2.#(SIO3*VIUG1,2)=51G1%VIdsI,41))%0,7
FDUJo1)20S2US & ySavs
WMAGL=SORT (5% (FDI241)4FNI2,1H)))
WMAGJIM=SQRT (45 I FOIJMe 1) +FDIIMyTH) ) )

00020420
00020430
00020440
00020450
00020460
00020470
00020480
00020690
00020500
00020510
00020520
00020530
00020540
00020550
00020560
00020570
00020580
00020590
00020600
00020610
00020620
00020630
00020640
00020650
00020660
00020670
00020680
00020690
00020700
00020710
00020720
00020730
00020740
00020750
00020760
00020770
00020780
00020790
00020800
00020810
00020820
00020830
00020840
00020850
00020860
00020870
00020880
00020890
00020900
00020910
00020920
00020930
00020940



[aNelel

OO0
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RADIATION CONSTANTS

X

S0=28R0,/RSNIST

ALCl=,7

ALC2=,6

ALC3=,6

STAN=1,1716=-7

EFVC1=65,3

EFVC2=65,3

EFVC3=7,6
CPART=,5¢1,3071€7

ROT = TNFDAY/ROTPFR*2,0%p |

HEATING LNOP

DR 370 I=1,1IM
IML=MOD( T4 1MM2, M) +])
IPl=MON(],1M)4+)

FiMl=]~]

HACOS=COSN*CAS(RNT+F [M1*DLON)
DO 360 J=1,0M
COSZ=SINL(J)*SINN+CNSL{J)*HACNS

SURFACE CONDITION

T600=TAPNG(J. 1)

NCEAN=TGO0,6GT, ],

ICE=TGOOLLF,.-9,9F5

LAND=.NAT, (ICF.NR,NCEAN)

SNOW=LAND AND o {LAT () oGF s SNOWNGOR oL AT (J) o LF o SNOWS )
LANO=LAND4 AND, ¢ NOT, SNOW

TF (JNOTJOCFAN) 277=VPHIG{)s]1)/GRAV

DRAG CRFFFICIFNT

IF (J +EQ., 1) WMAGE=WMAG]

IF (J «FQs UM) WMAG=WMAGJIM

TF {JoNEoloANDGJeNFoJUM) WMAGE=SORT (258 (FDLy 1V4FD(Js141)

+FEDLIGIMII+FDII+],IM1 )Y )
Ch = ,002
IF (4NDTLOCEAN) CD=CN+0,006%227/5000,
IF (OCFANY CnD = AMINL((]1.,04,072WMAG)®,001,.0025)
CS = CD*100,
CS& = ,24%CS224,%3600,
FK1 = CO%(10,*GRAV)/{DSIGEPM)

00020950
00020960
00020970
00020980
00020990
00021000
00021010
00021020
00021030
00021040
00021050
00021060
00021070
000210R0
00021090
00021100
ooo021110
00021120
00021130
00021140
00021150
00021160
00021170
00021180
00021190
00021200
00021210
00021220
00021230
00021240
00021250
00021260
00021270
000212R0
00021290
00021300
00021310
00021320
00021330
000:'1340
000213%0
00021360
00021370
000213R0



SO0

OO0

310

PRESSURES

SP=P(J,1)
COLMR=pM/ SP
P4zSP+PTROP
P4K=PLEEKAPA
PLI2SIG1*SP+PTRNP
PL22,5%SP+PTRI)
PL32S163%SP+PTRNP
PLIKZPL ] *#4KLPA
PLIK2PL3sxKAPA
PL2K=PL2#%KAPA
PTRKzPTROP**KAP A
PLK=PL3K~PL1K

TEMPFRATURES ANO TFST FNR NRY-ANTARATIC INSTARTILITY

T12T{Jelel)
T32T(Jel42.
THL1=T1/PLIK
THL3=T3/PL3K

IF (THL1 ,6T, THL3) GN TN 310
XX13(T14T3)/(PLIK+PL3K)

T1=XX1*PL1K
T3=XX1%PL3K
THL1=T1/PLIK
THL3=2T3/PL3K

MOISTURF VARTARLFS

FS1210.0%%(R,6051-2353,0/T1)
F$3210,0%%(R,4051-2353,0/T3)

P1CB=,1*PL1
P3CR=,1%PL3
P4CB=, 1 %P6

0S1=2,622%ES1/(P1CR=-FS])
0S3=,.622*%FES3/(P3ICR-FS3)
GAMI=CLH*QS #5418, /T]*%2
GAM3=CLH¥N)S3%56]1R8,/T3xs)

Q3R=03(J,1)
RH3=0Q3R/NS3

TEMPERATURE EXTRAPOLATINN AN INTERPALATINN FNR RANTATINN

ATEM=(THL3=THI 1) /DPLK
RTFM=(THLLI*PL3IK=THL3I*PL1K ) /NPLK
TTROP=(ATFM#*PTRK+RTFEM) %P TRK
T2=(ATEMSPL2K+BTFM) *pL 2K

-358-

nnv211390
000216400
00021410
00021420
00021430
00021440
00021450
NN021460
00021470
000214R0
00021490
00021500
00021510
00021520
00021530
00021540
00021556
nNn21560
00021570
00021580
00021590
00021600
00021610
00021620
00021630
00021640
00021650
00021660
000216170
000216R0
00021690
00021700
00021710
00021720
00021730
00021740
00021750
00021760
00021770
00021780
00n217190
00021800
00021810
00021R20
00021830
NN0021R40N
00021R50
O0021R60
00021870
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C 00021880
C GROUND TEMPFRATURE AND WHETNESS 00021890
C 00021900
161600 00021910
WET=1.0 00021920

1F {«NDTLOCFAN) T6=GT(J,1) 00021930

TF {LAND)  WET=GW{J,1) 00021940

C 00021950
C LARGE SCALF PRECIPITATION 00021960
C 00021970
PREC=0, 00021980

IF {03R,1L€,083) GNn 10 1060 00021990
PRFC:(OBK-OSB)/(!.#GAMB) 00022000
T3=T34CLH*PRFC 00022010
THL3=T3/PL 3K 00022020
Q3R=Q3R-PREC( 00022030

C 00022040
C CONVFCTION 00022040
G 00022060
1060 TETAY=THL 1#P 0K 00022070
TETA3=THL 3P| 0K 00022080

$S3 = TETA3Z®P4K /P IOK 00022090

$82 = SS3 + 0.5#(TFIAI-TFTAa)*PLZK/PIOK 00022100

SS1 = SS7 ¢ 0.5*(TFTAI-TETAB)*PL?K/PIUK 00022110

HH3 = SS3 4 CLMH20Q3R 00022120

HH3S = SS3 + CLH%*NS3 00022130

HHIS = SS1 + CLH%0S) 00022140

C 00022140
C MIDDLE LFVFL CONVECTIDN 00022160
C 00022170
cr = 0, 000722180

C3 = o, 00022190

EX = HH3 - HH]S 00022200

1F {EX.LEL.0.) GO T 1064 0002722210

Cl = RCNV*EX/{2,4G4M1) 00022220

C3 = Clt(1.4GAM1)*(SS?-SS3)/(FX4(1.4GAM1)*(SS]-SS?)) 00022230

C 00022240
C PREPARATINN FONR AIR=FARTH INTHERACTION 0nnz22s0
C 00022260
1064 7213 = 2000, 00022210
WINDF=2,04wMa(; 00n222R0
DRAW=CN*W INNF 00022290

EDV=EN/71L 3xwMAG/ 10, 00022300



[aNaNale)

1070
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DETERMINATION NF SURFACE TFMPFRATHRF

RH422 , *WET*RH3/ (WET+RH3)
EG210,%**(8,4051-2353,/76G)

EG= AMINL(EG4P4CR/1.662)

06=,622%EG/ (P4CR-FG)

DOG=541R,*Q0G/ TG*x#?2

HHGS TG+CLH*QGXWE T

EDR=EDV/ (EDV+NRAW)

HH4=EDR*HH3 +(1.-EOR ) *HHG

GAMG=CLH*0QG
T4=(HH#-RH“#(CLH‘OG-GAMG#TG))/(l.+RH4#GAMG)
IF (T4*PlOK/PuK.CT,TETA3) T4=TFTAISP4LUK/P]1 DK
Q4=RHL*{OG+NOG* (T4=TG))

HH4=zT4+CLH%X0G

C PENETRATING AND LOW=LFVEL CONVECTINN

1076

1077

PCl=0,

PC3=0,

EX=0,

IF (HH4 (LF, HH3S) GO TO 1077

IF (HH3 ,GT, HHIS) GO Tn 1077
EX = HH4=HH3S

HH4P = HH4

HH&4 = HH3S

IF (HH4P LT, HHIS) GD TN 1076
FTA = 1,

TEMPL = ETA%((HH3S=HH1S)/(1,46AM])+551-552)
TEMP2 = ETA®(SS2-SS3) + (SS3-Ts)
TEMP 3 EDR*TEMPL+(1,.+GAM3)*TEMP?2
IF (TEMP LT. «001) TEMP=,001
CONVP 3 RCNVH#EX/TEMP

PCl = CONVP2TFMP]

PC3 = CNNVP * TEMP?

T4aTO=EX/ (1, +RHGXGAMG)
Q4=(HH4=T4)/CLH

RO43P4CR/(RGASHTS)
CSE"=CS4*RMN4xWINOF
CEVA=CS*RO4%WINOF

00022310
00022320
00022330
00022340
00022350
00022360
00022370
00022380
000221390
00022400
00022410
00022420
00022430
00022440
00022450
00022460
00022470
00022480
00022490
00022500
00022510
00022520
00022530
00022540
00022550
00022560
00022570
00022580
00022590
00022600
00022610
00022620
00022630
00022640
00022650
10022660
00922670
000226R0
00022690
00022700
00022710
50022720
000221730
00022740
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CLOUDINESS

1080

ICLOUD=1

CL=0,

CL1=0,

CL2=0,

CL3=0,

CLT=0,

CL=AMINL(-1,3+2,6%RH3,1,)

IF (CleGTo0eeDRPCL1.GTL.0,) CLI=CL

IE (PREC.GT.0,.ANND,CL1.EQ.0,) CL2=1,
IE (EXeGToe0eeAND,PCLl.EQ.0,) CL3=CL

EC S C TS L ST S S S SN S S SRS oSS S-S ECCSCSTCSEESID=EZ=SS===SS==SsSz==E
| |
| |
| *EREE |
) * * }
| * * |
| ¥ ¥ |
| * * LI |
| % * * % |
| % % * % ]
| * * * & |
| * * & % LR % 283 |
] ok Hkkkk LS L% 3 ]
| |
| cLl cL? L3 |
| |

CL=AMAX]1(CL]1,CL2,CL3)
IF (CL +GE. 1o) ICLOUN=3
IF (CL oLTe 1o oAND. CL oGT, 04) ICLOUDN=2

ICLOUN=]1 CLFAR, ICLOUD=2 PARTLY CLNOUDY, ICLMWIN=3 QOVFRCAST
LONG WAVE RADIATION

O3RR=AMAX]1(03R,1,E=5)
VAK=2,+ALDG(]1,7T18BE=6/03RB)/ALNDGI120./PL3)
TEMl=,00102%PL3%%2%03RR/VAK
TEM2=TEML#(P4/PL3)%*%VAK

EFV3=TEM2-TEM]

EEV2=TEM2-TEM1* (PL2/PL3)%xVAK
FFVI=TEM2-TEML1*(PL1/PL3)%%VAY
EFVTI=TEM2=-TFM1*(PTROP/PL3) &%V/K
EFVO=TEM2=TEM]I % (120./PL3)%%2VAY+2.526F-5
BLT=STBO*TTROP*%4

BLL1=STRO*T1%*%4

BL2=STRO*T2%%4

BL3=STRN*T3%x%4

RLA=STRO*TG* x4

00022750
00022760
00022770
00022780
00022799
00022800
00022810
00022820
00022830
00022840
00022850
00027360
00022870
00022880
00022890
00022900
00022910
00022920
00022930
00022940
00022950
00022960
00022970
00022980
00022990
00023000
00023010
00023020
00023030
00023040
00023050
00023060
00023070
000230R0
00023090
00023100
00023110
00023120
00023130
00023140
00023150
00023160
00023170
00023180
00023190
00023200
00023210
00023220
00023230
00023240
00023250



c

[z NeXel

1090

2000

2004

2006

2010
2015

327

330
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LONG WAVE RADIATION

ROC=0,

R2C=0.

R4C=0,

URT=BLT*TRANS{EFVO-FFVT)

UR2=BL2*TRANS(EFVO~EFV2)

G0 TN (1090,1090,2000), I1CLOHD

ROO=0.R2*(1IRT+(BL4~BLT)*(1,+TRANS(EFVT))/2,)

R2020.736%(UR24(BL4=BL2)*(1.+TRANS(EFV2))/2,)

R40=BL4*(0,6%SORT(TRANS{FFV0))=0.1)

IF (ICLOUD .FO, 1) GN TN 2015

IF (CL2 +LE. 0.,) GO TN 2004

CLT=CL2

ROC=0,82%(URT+(BL2-BLT)*(1,+TRANS(FFVT=FFV2})/2,)%CLT

R2C=04736: UR2%CLT

R2(C=,5%*R2C

GN TN 2006

IF (CL3 .LE. 0.) G0 TO 2006

CLT=CL3

ROC=O.82*(URT+(BLB-BLT)*(l.*TRANS(EFVT-EFV3))/?.)*CLT

R2C=0.736*(UR2+(BLB-BLZ)*(l.+TRANS(FFV2-FFV3))/?.)*CLT

IF (CL1 JLE. 0.) GO TO 2010
CLM=AMAX1{CLT~CL1,+0,.)

IN PRESENT VFRSION, CLM AND THIS TFM ARF ALWAYS 7FERD
TEM=00
IF (CLT .GT, 0,001) TEM=CLM/CLT
ROC=O.RZ*(URT+(BLl-HLT)*(l.+TRANS(EFVT-FFVl))/2.)*CL1+ROC*TEM
R2C=R2C*TEM

R4C=0,85%( .25+, 7SHTRANS(FFV3) )2 (BLA=-RI3)RCL

RO=ROC+(1,~CL)*R0D

R2=R2C+(1.-CL)I*R20

R4=R4C+(1,-CL)*R40

OIRAD=4,*STRN*TG%*3

SURFACE ALRBRFDO

IF {(COSZ JLF. .0l) GN TN 340

SCNSZ=S0*C0S?

ALS=,07

IF (NDCEAN) G0 TN 335

ALS=,14

IF (LAT(J) .LT. SNOWN) G0N TO 327
CLAT=(LAT(J)=-SNOWN)*CNNRAD

60 T0 330

IF (LAT(J) .GT, SNOWS) GN TN 328
CLAT=(SNOWS=-LAT(J))*CONRAD
ALS=.45*(l.+(CLAT-lO.)**2)/((CLAT-BO.)#*f+(CLAT-lO.)**2)
60 TO 335

IF (LAND) GO TN 335

CLAT=0.0
ALS=.4*(l.*((CLAT-S.)**Z))/((CLAT-45.)**?+((CLAT-S.)**Z))

00023260
00023270
00023280
00023290
00023300
00023310
00023320
00023330
00023340
00023350
00023360
00023370
00623380
00023390
00023400
00023410
00023420
00023430
00023440
00023450
00023460
00023470
00023480
00023490
00023500
00023510
00023520
00023530
00023540
00023550
00023560
00023570
00023580
00023590
00023600
00023610
00023620
00023630
00023640
00023650
00023660
00023670
00023680
00023690
00023700
00023710
00023720
00023730
00023740
00023750
00023760
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C 00023770
C SHLAR RADIATION 00023780
C 00023790
335 ALAO=AM[NI(l.o.0R5-.247*ALOGIO(COSZ/CULMR)) 00023800
SA=,349x%SCNS7 00023810
$8=SC0S7-SA 00023820
ASOT=SA*TRSW((EFVO-FFVT)/COSZ) 00023830
ASZT=SA*TRSW((EFVO-EFVZ)/CUSZ) 00023840
FS2C=0, 00023850
ESaC=0, 00023860
S4C=0, 00023870

GO TO (3364336,4,337), ICLOUD 00023880

C CLEAR 00023890
336 FS20=AS2T 00023900
FS40=SA*TRSW(FFV0O/COSZ) 00023910
S40=(l.-ALS)*(F5404(l.-ALAO)/(1.-ALAO*ALS)*SS) 00023920

ITF CICLOUN .FD. 1) GO TN 341 00023930

C LARGE SCALF CLOUD 00023940
337 IF (CL2 WLEs 0.) GO TO 338 00023950
CLT=CL2 00023960
FS2C=AS2T%CLT 00023970
TFMS=SA*(I.-ALC2)*TRSW((FFVO-FFV?)/COSI+].66*(FFVC2+FFV3)) 00023980
FSAC=(TEMS+ALCP%AS2T)*CLT 00023990
ALAC=ALC?+ALAO~ALC2%*ALAD 00024000
54C=(l.-ALS)*(TFMS/(l.-ALC?*ALS)+(l.-ALAC)/(l.-ALAC*ALS)*SS)*CLT 000264010

Gh TH 33y 00024020

C LOw LEVFL cLOD 00024030
338 IF (CL3 .LF. 0.) GO TN 33y 00024040
CLT=CL?3 00024050
FS2C=AS2T*CLT 0002 406G
TEMU=(EFVO=FFV3)/C0S7 00024070
TFMS=SA*(l.-ALCB)*TRSw(TFMU+l.66*(FFVC3+FFV3)) 00024080
FSQC=(TEMS+ALC3*SA*TRSN(TFMU))*CLT 00024090
ALAC=ALC34+ALAO~ALC3I*ALAD 00024100
54C=(l.-ALS)*(TEMS/(I.-ALC3*ALS)+(1.-ALAC)/(1.-ALAC*ALS)*SS)*CLT 00024110

C THICK CLOUD 00024120
339 1F (CL1 «LF. 0O,) GO TO 341 00nrsal30
CLM=AMAX1(CLT=CL1,0,) 00024140

C T PRESENT VERSION, CLM AND THIS TFEM BRF ALWAYS 7FRD 00024150
TEM=0, 00024160

IF {CLT o6T. D4) TEM=CLM/CLT 00024170
TEMU=(FFVO~FFV])/C0S2 00024180
TEMB=ALC1*TRSW(TFMO) %SA%CL ] 00024190
FSZC=SA*(I.-ALCI)*TRSW(TFMU+I.66*FFVC1)*CL1+TPMH+FS?C*TFM 00024200
TFMS=SA*(l.-ALCl)*TRSN(TFMH+I.66*(FFVCI+EFV3)) 00024210
FSAC=TFMS*CIL1+TEMR+FS4CHTEM 00024220
ALAC=ALC1+AILLAO=-ALCL*ALAD 00024230
54C=(l.-ALS)*(TFMS/(1.-ALCI*ALS) 00024240

X + (l.-ALAC)/(l.-ALAC*ALS)*SS)*CLl+S4C*TFM 00024250



c
34)

340

MEAN CONDITION
FS2=FS2C+{1.-CL)*FS20
FS4=FS4C+{]1.-CL)*FS40
S4=54C+{1.,-CL)*540
AS1=A50T-FS2
AS3=FS52-FS4
6N TO 345
$4=0,0
AS53=0,.0
AS1=0.0

-364-

00024260
00024270
00024280
00024290
00024300
00024310
00024320
00024330
00024340
00024350
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COMPUTATION OF GROUND TFMPERATURFE

345

346

347

TGR=TG

IF (OCFaA
BRAD=S 4~
TFM=0,

IF (I1CE,.
Al=CSEN%®
A2=BRAD+
Bl=CSENX

N) GO TO 347
R&

ANDoZZZ.LT40,1) TFM=CTID/HICF
(T4+CLH® (Q4+WET* (DQG*T6-Q6) ) )
4 *RL4+TFMXTICF
(1e+CLH*DOG*WFT)

B2=DIRAD+TEM

TGR=(Al+

A2)/(R1+B2)

IF (LAND.OR,TGReLT.TICE) GN TO 34k

TGR=TICF
DR4=DIRA
R4=R4+DR
R2=R2+,.8
RO=R0+,.8
CONTINUE

D*(TGR-TG)

4
*(1.=CL)*TRANS(EFY2)%*DRs
¥(1e=CL)*TRANS(FFVT)%PR&

SENSIBLE HFAT (LY/DAY) AND FVAPORATION (GM/CM®%2/SEC)

350

351

E4=CFVA*(WET*(QG+DQAG* (TGR-TG) ) -Q4 )

F4=CSFN*
FK=RO4%F

TOTAL HE

0N=(C1+C3+PC1+PCBl/CLH+PRFC-2.*EQ*DTCB*GRAV/(SP*IO

IF («NOT
RUNOFF=0
IF (ON.G

(TGR-T4)
K1%WINDF

ATING AND MOISTURE BUDGFT

+LAND) GD TD 350

TeOe «AND. WET4LT.1.) RUNOFF=,5%WET

IF (ON:GToe0e¢ «ANDs WET(GFol.) RUNOFF=1,

WET =

IF (WET,
IF (WET,
CONTINUF

Hl=(AS]1+
H3=(AS3+
Hidyls1)
TFMP=0,5

GN(J-Il*(l.-RUNDFF)*ON*S.*SP/GRAV/CHM
GTele) WFT = 1,
LT.0.) WFT = 0O,

R2-KO)*COE1*COLMR+C1+PC1

R4=R2+F4 ) %COF1%COLMR+C3+PCI+PRFC*CLH
=0 5% (H14+H3)

®(H1-H3)

SURFACF FRICTION

352
355

358

CONT INUF
CONTINUE

CONTINUF

00024360
00024370
00024380
00024390
00024400
00024410
00024420
00024430
00024440
00024450
00024460
00024470
00024480
00024490
00024500
00024510
00024520
00024530
00024540
00024550
00024560
00024570
00024580
00024590
00024600
00024610
00024620
00024630
00024640
00024650
00024660
00024670
00024680
00024690
00024700
00024710
00024720
00024730
00024740
00024750
00024760
00024770
00024780
00024790
00024800
00024810
00024820
00024830
00024840
00024850
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& PACK FOR OUTPUT

360

370
375
377
380
390

400

WW=0.0

CC(Jyly1)=CLL

CC(Jy1,42)=CL2

CC(Jy143)=CL3

CClJr1,4)=Cl,

CPCL(J,y1)=(C1+PCL)%*0AY/DTC3
CPC3(Jy1)=(C3+PC3)%DAY/DTC3
CPCL(Js1)=C1+PC1

CPC3(J,1)=C3+PC3
PRCLH{Jo 1) =PRFCACLH*DAY/DNTL3

SR&4(Jel)=R4

SCALE=SCAL E\ICNLMR
KKK=TPK{TFIX{ASY*SCALF) s IFIX(AS3%SCALF))
TT{Jelyl)=XXX
KKK=TPK{TFIX{{R2=RO)*SCALF),IFIX({{R4=~R2)%SCALF))
VTiJdyls2)=XXX
KKK=TPKITFIX(F4 )y IFIX(E4X100.%3600.,%24,))
TT(Jely92)=XXX
KKK=TPK(TFIX{Ta%104) 4 IFIX{PRFCXSCALFP%SP))
Q3T(Jy1)=XXX
KKK=|PK(|F|X(EX*10.)v|F|X((C1+C3*PCl+PC3)*SP*SCALFP/CLH))
UT{Jel92)=XXX
KKK=IPK{TFIX{H1%100,%DAY/DTC3) ,IFIX(H3%100.,%DAY/NTC3))
PT{Jyl)=XXX

KKK=TPKITFIX(S4/10.)y IFIX{WW%100,))
ADINESEREDS$$

CONTINUE

CONTINUF

CONTINUF

CONT INUF

CONTINUE

CONTINUF

RFTLRN

FND

00024860
00024870
000248880
00024890
00024900
00024910
00024920
00024925
00024930
00024940
00024950
00024960
00024970
00024980
000246990
05025000
00025010
00025020
00025030
00025040
00025050
00025060
00025070
00025080
00025090
00025100
00025110
00025120
000251130
00025140
00025150
00025160
00025170
00025180
00025190
00025200
0025210
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VIII. FORTRAN DICTIONARY

PURPOSE

In order to permit the efficient reading of the FORTRAN program
and map routine listings, all of the FORTRAN variables used in the
code are collected below. For each FORTRAN term a brief identifica-
tion or meaning is given, together with the term's units (1f any)
and the location of its first appearance or definition in the pro-
gram. The locations are not given for certain symbols of widespread
use, and those FORTRAN symbols used only in the output map ronutines
of Chapter VII, Section B, are not listed. Conventional FORTRAN no-
tation has been used, with the equivalence in terms of the physical

symbols of the model also given where appropriate.
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TERM LIST
FORTRAN Program
Symbol Meaning Units Location
A | AX * 105, horizontal momentum diffusion coefficient mzsec- 13570
(zero in present version) INPUT
ALAC |a. =g +qa =-qa a » albedo of cloudy atmosphere - 10650
e B TS CoMP 3
for Rayleigh scattering
ALAO | a_, albedo of clear sky for Rayleigh scattering -- 10450
o
COMP 3
ALCl | o, albedo of type 1 (penetrating convective) - 7610
€4 COMP 3
cloud, = 0,7
ALC2 | a , albedo of type 2 (middle-level overcast) - 7620
€2 CoMP 3
cloud, = 0,6
ALC3| a , albedo of type 3 (low-level convective) - 7630
€3 COMP 3
cloud, = 0.6
ALP | (m/n - 1)/8, longitudinal smoothing parameter - 6920
AVRX
ALPH(8) 1dentification parameter (not used) - -
ALPHA (1) FXCO*(P(J,I)+(P(J-l,I))*(FD(J,I)+FD(J-1,I)) mzmb 5160
Coriolis force parameter COMP 2
(2) AL?/FNM, longitudinal smoothing weighting -- 6950
factor AVRX
ALS a_, surface albedo (0.07 for ocean, 0.14 for - 10290-10410
bare land, a defined function of latitude COMP 3
for 1ce and snow)
AMPNTH(3) | name of month - -
APHEL | apihelion, 1 July (= 183.0) day 13110
INPUT
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FORTRAN Program
Symbol Meaning Units Location
ASOT SA, flux at tropopause of solar radiatibn ly day_1 10480

subject to absorption COMP 3
AS1 Al’ insolation absorbed by upper layer ly day-1 10950
(= 0 1f cos ¢ < 0,01) COMP 3
] -
as21 | (s) ', flux at level 2 of solar radiation I dertr 10490
subject to absorption (= FS20) COMP 3
AS3 A3, insolation absorbed by lower layer ly day-1 10960
(= 041f cos ¢ < 0.01) COMP 3
ATEM (6, -8 )/(p'< - pK), temperature interpolation deg(mb)_z'< 8490
3 1 3 1
COMP 3
parameter
AX horizontal momentum diffusion coefficlent mzsec_1 13380
(= 0 in present version) INPUT
4/3 2 -1
AXU(J) A(DXU(J) /300 km) s zonal momentum m“sec 14800
diffusion coefficient (not used) MAGFAC
4/3 2: 4 -1
AXV(J) A(DXP (J) /300 km) s zonal momentum m sec 14810
diffusion coefficient (not used) MAGFAC
4/3 2__ -1
AYU(J) A(DYU(J) /300 km) , meridional momentum m sec 14820
diffusion coefficient (not used) MAGFAC
4/3 2 -
AYV(]) A(DYP(J) /300 km) » meridional momentum 1 sec 14830
diffusion coefficient (not used) MAGFAC
dq (T )
a | e {TA + I;— <q4 + WET [T —S5E - g )]>} ly day ! 11090
p 8 g COMP 3

ground temperature parameter
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FORTRAN Program
Symbol Meaning Units Location
A2 S4 - §4 + 40T4 + BT » ground temperature parameter | ly d.ay_1 11100
g o
COMP 3
BC@MN common block (see Chapter VII, Subsection A.3) (various) 0140
(67040) COMMON
BIT control parameter (not used) == --
BLANK logical variable control == -
BLT OT;, long-wave radiation parameter at tropcpause ly day-1 9860
COMP 3
BL1 cT?, long-wave radiation parameter at level 1 ly day-1 9870
COMP 3
BL2 ch, long-wave radiation parameter at level 2 ly d.ay-1 9880
COMP 3
BL3 cTA, long-wave radiation parameter at level 3 ly day_1 9890
3
COMP 3
BL4 0T4, long-wave radiation parameter at ground level ly day-1 9900
g
COMP 3
BRAD S, - R » ground radiation balance (uncorrected ly day-1 11060
4 4
COMP 3
for T )
g
K K K K 3
BTEM (8,p, = 6,p,)/(p, - p,), temperature interpolation | deg(mb) 8500
13 371 3 1
COMP 3
parameter
-1, -1
Bl parameter ly day “deg 11110

Cr(l + Yg WET), ground temperature

COMP 3
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FORTRAN Program
Symbol Meaning Units Location
IR ~ -1, -1
B2 40T” + B, ground temperature parameter (B = 0 ly day “deg 11120
g COMP 3
unless over ice)
C(K) equivalence array (see Chapter VII, Subsection A.3)| (various) 0430
COMMON
CD CD’ surface drag coefficient -- 7970-7980
COMP 3
CENTIG identification for sea-surface temperature == -
CEVA 100 C p (IV |Tr + G), surface evaporation g cm sec-1 9390
D4 ' s
COMP 3
parameter
CHECK data control parameter (not used) == ==
CL max(CL1, CL2, CL3), fraction of sky covered - 9700
by cloud COMP 3
CLAT degrees poleward of snowline, used in surface deg lat 10330, 10360
albedo calculation (¢3-SN¢WN,SN¢WS-¢3)*C¢NRAD COMP 3
for (northern, southern) hemisphere
CLH L/cp, latent heat to specific heat ratio deg 7300
(= 580/.24) COME 3
CLKSW input identification - ==
CLM max(CLT -~ CL1,0), cloud parameter (not used) - 10130
COMP 3
CLT 0,CL2 or CL3, cloud parameter (not used) - 10030

COMP 3
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FORTRAN Program
Symbol Meaning Units Location
CL1 min(-1.3 + 2.6RH3, 1), fraction of sky covered by - 9500
type 1 (penetrative convective) cloud COMP 3
CL2 fraction of sky covered by type 2 (large-scale - 9510
condensation) cloud (either 0 or 1) COMP 3
CL3 min(-1.3 + 2.6RH3, 1), fraction of sky covered by - 9520
type 3 (low-level convective) cloud COMP 3
CNRX 0.01*CPNRAD, unit conversion factor (not used) deg/radian 7440
COMP 3
CNST GRAV*30,48%HCST, unit conversion factor for surface -- 16200, 16270
elevation INIT 2
C@E 200g/c (p_ - p )103, heat capacity of 1/2 unit deg 1y_1 7380
P o T
COMP 3
column
CPE1 (1) CPE*DTC3/24*3600, unit conversion factor for deg day 1y-1 7390
heating terms COMP 3
'3 K 2 =2 -1
(2) oyma,/2T, + (c_8./4T,) + [(p /p )" - (p,/p "1, m“sec “deg 5360
1 71°°%) pl71 3% 1'% COMP 2
level 1 geopotential parameter
K K 2 =2 -1
CPE2 04Ta,/2T, + (c_8,/4T,) + [(p,/p )" - (/P )71, m sec “deg 5370
373 3 p 3 1 3% 1 % COMP 2
level 1 geopotential parameter
K K 2 -2 -1
CPE3 0yma, /2T, = (e 8. /4T.) « [(p./p )" - (p./p ) 1, m sec “deg 5400
171 1 p1l 1 3% 1% COMP 2
level 3 geopotential parameter
K K 2 -2 -1
CPE4 0,ma, /2T, = (c_8,/4T.) « [(p,/p ) - (r,/p )71, m“sec “deg 5410
373773 p3 3 3% 1'%
COMP 2
level 3 geopotential parameter
CALMR (po - pT)/(ps - pT), column mass ratio (also - 8060
COMP 3

redefined in 11530, COMP 3 with average
Pg = Pp)
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FORTRAN Program
Symbol Meaning Units Location
CANRAD 180/PI, unit conversion factor deg/radian 7430
COMP 3
CONV(J,I) C@NVM, mass convergence at level 1 mzsec-lmb 4220
COMP 1
CANVM -(mn/2)V - WV, net mass convergence into cell mzsec-lmb 4180-4210
surrounding 7 point (defined for poles in COMP 1
4560, 4580 COMP 1)
* -
C@NVP (h, - h,)54t (T ) 1, penetrating convection - 9300
4 3 r
COMP 3
parameter
C@sp cos , cosine of solar declination - 15540
SDET
CASL(J) cos ¢3, cosine of latitude - 14960
INSDET
Cc@sz cos 7, cosine of solar zenith angle -— 7800
COMP 3
CPART | 0.5%1.3071*107, a constant (not used) - 7690
COMP 3
cs 102CD, unit conversion factor cm m-l 7990
COMP 3
2 > -1, -1
CSEN C. = 10 cpcha(lvsl + G) DAY, surface sensible ly day "deg 9380
heat flux parameter o 3
Cs4 102c CD DAY, surface sensible heat flux parameter cm m_lcal g_l 8000
P 1| comp 3

deg_lsec day
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FORTRAN Program
Symbol Meaning Units Location
CTI | thermal conductivity of ice (= 0,005) ly sec_lcm deg_1 7320

coMP 3
CTID | therwal conductivity of ice (= 432) ly day_lcm deg-1 7330
CoOMP 3
CXXX(800) data control parameter (not used) - -
* -1
Cl (ATl) = (h3 - hl)(z + yl) 54t, level 1 deg 8870
CM COMP 3
temperature change due to¢ mid-level
convective latent heating
C1(800) array ldentification - -
C3 | (aTy) = (4T)) (1+y1)(LR/2) deg 8880
cM CoMP 3
h, - h) + (1 + v,)(@LR/2)]7}
[(hy - b)) + (1 + v))(LR/2)]
level-3 temperature change due to mid-level
convective latent heating
DAY | hours in day (= 24), or sec in day (= 86,400) hr, sec 13420, 13650
INPUT
DAYPYR | days in year (= 365) day 13070
INPUT
DCLK | logical variable for day counter SDEDY -- 15050
INSDET
DEC | (23.5P1/180)cos[2PI(DY-173.0)/365], solar radians 15510
declination SDET
DECMAX | 23.5P1/180, maximum solar declination radians 13080
INPUT
DEFF | n = Ay, equatorial meridional mesh length m 6880

AVRX
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FORTRAN Program
Symbol Meaning Units Location
DELTAP | correction for atmospheric mass loss (= PSF - ZMM) mb 1430
GMP
DIRAD 40T3, long-wave radiation parameter at ground ly day-ldeg-l 10230
g CoMP 3
DIST | (DY - 183.0)/365, day of year parameter - 15450
SDET
DLAT | A9, north/south grid-point separation (= 4 deg) deg 13360
(changed to radians in 13590, INPUT) INPUT
DLIC | input card identification (not used) - -
DL@N | AX = 2PI/72, east/west grid-point separation radians 13610
(= 5 deg) INPUT
DPLK | py - p; (mb) 8160
COMP 3
DQG | B q (T )T e Y c /L, approximate change of q deg-1 9040
es g g g P 5
coMP 3
dqs(T )
with temperature, 3T
DRAT | n/m, grid scale ratio - 6900
AVRX
DRAW | C (IV |TT + G), surface wind drag parameter m sec 8940
D 8
CoMP 3
3 ~ -1
DR4 | 4oT (T -T) =R -R, = C,, surface long-wave ly day 11160
g gr g 4 4 4 CoOMP 3
radiation parameter
DSIG Oq = 0y, model sigma increment (= 1/2) - 7250

coMP 3
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FORTRAN Program
Symbol Meaning Units Location
DT | At in sec (= 360) sec 13560
INPUT
DTC3 | 5At, time interval between heating steps in sec 7280
COMP 3 (= 1800) COMP 3
DITM | At in min (= 6) min 13340
INPUT
DXP (J) m= ail cos ¢,, east/west distance between v n 14570
N MAGFAC
(or u ) points
DXU(J) | m = asA(cos %, + cos @, .}/2, east/west distance m 14610
] i-1 MAGFAC
* &
between u,v (or v ) points
DXV(J,1) zonal distance between 7 points (= DXP) m -
DXYP(J) | mn, area of grid cell around 7 point (defined m2 14670
for polar points in 14680, 14690 MAGFAC) MAGFAC
DY | t, day counter (= SDEDY) day 14530
SDET
DYP(J) | n = (¢3+1 - ¢3_1)a/2, north/south distance m 14630
N MAGFAC
between u,v (or v ) grid points (defined
for polar points in 14640, 14650 MAGFAC)
DYU(J) | n = a(yp, - ¢ _1). north/south distance between n 14540
i, MAGFAC
m (or u ) grid points
DYV(J,1) | meridional distance between u,v points (= DYP) m -
ECCN | orbital eccentricity (= 0.0178) - 13120

INPUT
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FORTRAN Program
Symbol Meaning Units Location
ED constant used in air/ground interaction (= 19,0) m 13400
INPUT
> * 7 > =1
EDR (lvs] /2000) [lvs[ /2000 + cD(lvsl + c)] , - 9060
wind speeua weighting factor P
EDV [V |"/2000, air/ground interaction parameter m sec” ! 8950
s
CoOMP 3
* 2
EFVC1 u, , effective water vapor for type 1 clouds (= 65.3) g cm 2 7660
%) COMP 3
* =
EFVC2 u, effective water vapor for type 2 clouds (= 65.3) g cm 2 7670
2 COMP 3
* -
EFvVC3 u. s effcctive water vapor for type 3 clouds (= 7.6) g cm & 7680
3 COMP 3
* 2 - -1 + -2
EFVE | up = pyag8 (2 + K 0, /p0 2% - o sp.)2¥K], g cm 9840
373 4’3 T 513 COMP 3
effective water vapor in air column below
tropopause
* = & -+ =2
EFVO | o = plag7l2 + K, /p ) 2 - (120/p,) 2*¥) g cm 9850
® 3'3 4'F3 3
-5 COMP 3
+ 2.526 x 10 7,
effective water vapor in entire atmospheric column
L3 = - + + -2
EFV1 u - p§q3g 1(2 + K) 1[(p6/p3)2 K. (pl/p3)2 K], g cm 9830
COMP 3
effective water vapor in air column below level 1
* 2 - - + -2
EFV2 | u, = pa,87 (2 + K)(p, 1p ) 2K - (5. /p.) 2¥K], g cn 9820
2 373 4’73 2°"73 COMP 3

effective water vapor in air column below level 2
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FORTRAN Program
Symbol Meaning Units Location
* - L -
BV | uy = plage 2 + 0 G p P - 1, g em 2 9810
COMP 3
effective water vapor in air column below level 3
EG e (T ), saturation vapor pressure at ground cb 9020
85 g
COMP 3
temperature
EQNX equinox, 22 June (= 173.0) day 13100
INPUT
ES1 e_(T.), saturation vapor pressure at level 1 cb 835¢C
s 1
CcovP 3
ES3 e (T.,), saturation vapor pressure at level 3 cb 8360
83
CoMP 3
ETA entrainment factor (= 1) - 9250
CoMP 3
EVENT program control parameter == o
EVNTH data control parameter (not used) - .-
*
EX (1) h3 - h1 = HH3 - HH1S deg 8850
COMP 3
= (L/cp)[q3 -9, (T)] - anplx.,
stability parameter for middle-level convection
*
(2) h, - h, = HH4 - HH3S, deg 9210
e coMP 3
stability parameter for low~level convection
EXP1 empirical coefficient = 4/3 -- 14780
MAGFAC
E4 E=p, C (]V ]" + G)(q_ - q,), surface evaporation g cm-zsec- 11240
4 D''g g 4 COMP 3

rate
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FORTRAN Program
Symbol Meaning Units Location
F(J) f= -20 3(cos ¢3)/8¢. Coriolis parameter (defined for sec-1 14710-14730
poles in 14740-14750 MAGFAC) HAGRAC
FAH logical variable for temperature input = -
FAREN identification for sea-surface temperature — —
FD(J,I) (1) T = mnm, area-weighted pressure (about 7 point) mzmb 2560
coMP 1
(2) V2, square of surface wind speed mzsec- 7550
= COMP 3
(3) F= mf - u 3m/3y, weighted Coriolis force mzsec- 507C-5120
(at m-points) COMP 2
FDU = average mnmT at u,v points (definsd for polar mzmb 2640
caps in 2650-2660 COMP 1) CoMP 1
FEET identification for topographic height == -
FIM IM, maximum number of longitudinal grid points (= 72) == -
FIM] I-1=i-1, longitudinal grid-point variable =0 ==
FJ J=j, longitudinal grid-point index =5 --
FJE J index for equator (= 23%) - 14460
MAGFAC
FIM JM, maximum number of latitudinai grid points (= 46) - -
FK paCDg(IVSI" + G)(o3 - 61)-1(p° - pT)-l, aec-1 11260
CoMP 3

surface friction parameter
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FORTRAN Prigram
Symbol Meaning Units Location
-1 -1 -1
FK1 gC (0, = 0.) “(p_ - p..) ~, surface friction parameter cm’g 8010
D73 1 o T
COMP 3
FL 2MOD(K,2)+1, indicator for u,v data at levels 1 and 3 -- 12350
COMP 4
* * 2
FLUX (1) u At, v At, mass flux parameters m“mb 3310, 3520
COMP 1
* *
(2) -u At/4, -v At/4, mass flux parameters at level 1 mzmb 3390, 3610
COMP 1
* *
(3) 5u st/4, 5v At/4, mass flux parameters at level 3 mzmb 3610, 3620
COMP 1
(4) various momentum flux parameters mzmb 3830, 3910,
3980, 4050
COMP 1
FLUXQ FLUX*Q3M (and other definitions), moisture flux mzmb 3480, 3660
parameters COMP 1
FLUXT | FLUX*(T(J,I,L)+T(J,IP1,L)) m’mb deg | 3320-3580
(and other definitions), temperature advection COMP 1
parameters
FLUXU | FLUX*(U(J,I,L)+U(J,IM1,L)) m’sec mb |  3840-4060
(and other definitions), u-momentum advection COMP 1
parameters
FLUXV | FLUX*(V(J,I,L)+V(J,IM1,L)) m?sec lmb |  3870-4090
(and other definitions), v-momentum advection COMP 1
parameters
™ | PX*107°, a constant = 13610
INPUT
FMX constant (= 0.2) -- 13400
INPUT
FNM NM, the integer part of DRAT -- 6940

AVRX
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FORTRAN Program
Symbol Meaning Units Location
FSDEDY t, day of year (= SDEDY) day 7450
COMP 3
A A bt A -1
FS2 82 + CL a SCT » total flux of So at level 2 ly day 10920
‘1 1 CoMP 3
(1lus reflected flux from type 1 cloud top)
FS2C (1) AS2T*CLT, clear sky flux at level 2, times ly day-1 10620, 10710
type 2 or 3 cloudiness CoMP 3
" " = )
(2) cL [(s‘;) g (s‘é,r ) l ly day } | 10850
¢ 1 COMP 3
flux of Sz at level 2 (plus flux reflected
from cloud top) times type 1 cloudiness
A ! A -1
FS20 (82) » Elux of S at level 2 for clear sky ly day 10550
° COMP 3
A A \" A -1
FS4 S“ + CL a SCT , total flux of So at level 4 ly day 10930
¢4 L COMP 3
(Plus reflected flux from cloud top)
A" ] S A -1
FS4C CL|(5,) +a (Scr ) » flux of S reaching ly day 10640, 10740,
‘4 1 10870
level 4 (plus flux reflected from cloud top) CoMP 3
A A : =1
FS40 (Sa) » flux of S at level 4 for clear sky ly day 10560
)
COMP 3
FXco (1) TEXC#/2, time-step factor for advection sec 3270, 4710
(other definitions in 3770, 5030 COMP 1) COMP 1
(2) DT/4, time-step factor for pressure force sec 5470
CoMP 2
(3) 4t/8c_, time-step factor in thermodynamic m-zsecadeg 6100
P COMP 2

energy equation
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FORTRAN Program
Symbol Meaning Units Location
FXCcg1l (1) TEXC@/24, time-step factor for advection sec 3780
COMP 1
(2) DT/2, time-step factor for pressure force sec 5480
COMP 2
(3) At/bc_, time-step factor in thermodynamic m-zsec3deg 6110
P COMP 2
energy equation
F4 [ =C.(T -T,), surface sensible heat flux ly day 11250
8 COMP 3
GAMG y = (L/c )Beqs(T )T-z, latent heat parameter -— 9080
g P 8 '8 COMP 3
GAM1 Y, " (L/c_)B q (TI)TIZ' latent heat parameter - 8420
Ry CcoMP 3
GAM3 Yy (L/c_)B q (TJ)TEZ, latent heat parameter - 8430
pe’s CcoMP 3
GRAV g, acceleration of gravity (= 9,81) m sec 13420
INPUT
GT(J,1) T , ground temperature (= T _ after radiation deg 11200
8 gr
COMP 3
correction)
GW(J,1) GW = WET, ground wetness (0 < GW < 1) - 11360
COMP 3
GWM ground water mass (= 30) g cm™? 7270
COMP 3
H(J,I,1) (1) (1 + H3)/2, average heating deg 11450
COMP 3
(2) (H1 + H3)mn/2, area-weighted average heating deg m2 11870
COMP 3

[Note: H(J,I,2) not used.]
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FORTRAN Program
Symbol Meaning Units Location
HAC®S cos d cos (t + 1), solar zenith angle parameter - 7780
COMP 3
HCST unit conversion factor for surface elevation - 16200, 16260
(= 1 1f height in 10° ft) Ll
HEIGHT (J) surface height data h ft, dm 16310
INIT 2
HHG T + (L/c_ )q_WET, ground equivalent temperature deg 9050
g FERR
COMP 3
* K K
HH1S hy = 63(ps/po) + (8 - 63)(P2/po) + (L/cp)qs('rl), deg 8790
COMP 3
level 1 stability parameter
HH3 | h, = 8.(p_/p )" + (L/c_)q.. deg 8770
3 3 g s P 3 COMP 3
level 3 stability parameter
* K
HH3R h, = 8,(p./p ) + (L/c)q (T.), deg 8780
3 378" "o p s 3 COMP 3
level 3 stability parameter
HH4 (1) ﬁa. low-level temperature parameter deg 9070
coMP 3
(2) h, =T, + (L/c_)q,, deg 9230
g B coMP 3
level 4 stability parameter
*
(&) h3. level 3 stability parameter deg 9252
COMP 3
HH4P ha = HH4, level 4 stability parameter deg 9220
COMP 3
HICE effective ice thickness (= 300) cm 7340

COMP 3
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FORTRAN Program
Symbol Meaning Units Location
HRGAS R/2, one-half the dry air gas constant mzsec-zdeg-1 4990
COMP 2
HSCL unit indicator for surface height - 16240
INIT 2
Hl H, = (A, + R, - R.)(2g/mc_)5At + (aT,) + (aTr)) , deg 11430
1 17 %27 T P M e COMP 3
total heating at level 1 (over 5At interval)
H3 H3 - (A3 + R4 - R2 + T)(2g/nc )54t + (AT3) deg 11440
P M COMP 3
+ (AT3) + (AT3) 5
cp LS
total heating at level 3 (over 5At interval)
I i, longitude grid-point index -- =
(I=114s A = 0 at 180 deg W)
IC(800) integer array (= C) -- --
ICE ice-cover location indicator - 7860
COMP 3
1C1(800) array identification (alternate to C) - -
ICL@UD cloud parameter (= 1 for clear, = 2 for partly -- 9430, 9710,
cloudy, = 3 for overcast) 9720
COMP 3
ID identification on input data card -- =
IDAY day number (= TAU/R@TPER) -- 0500
CONTROL
IH IM/2 + 1, longitudinal grid-point parameter (= 37) - --
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FORTRAN Program
Program Meaning Units Location
IHALF(2) two half words that form IWD - -
IL (1) card ideutifier for topography - 16320
INIT 2
(2) left half word in packed data - -
(3) index counter - -
ILEV level identification parameter (not used) - --
ILH entry point for left half word in IPKWD - -
L1 I
IL2 tenporary identification of topography cards - -
al
M maximum number of east/west grid points (= 72) - --
IMM2 IM - 2, longitudinal grid-point index - --
M1 I -1, longitudinal grid-point index -- -
INU identification for card reader input - --
IPKWD pack data word (argument for ILH, IRH) - -
IP1 I + 1, longitudinal grid-point index - -
IR right half word in packed data - --
IRH entry point for right half word in IPKWD - -
ISINT control parameter (not used) - --
IWD word containing two half words - =
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FORTRAN Program
Symbol Meaning Units Location
J J, latitudinal grid-point index - -
JDYACC variable for day of month determination == 15350

SDET

JE JM/2 + 1, latitudinal grid-point index (= 24) - 6870

AVRX

JL index counter = —

IM maximum number of north/south grid points (= 46) - -
JMM1 JM - 1, latitudinal grid-point index -- -
JMM2 JM - 2, latitudinal grid-point index - -

JTP variable input/output identification (not used) -- -

JUMP control parameter (not used) -- =

K level or variable indicator (in friction calculation - -

K= 1 or 2)

KAPA K = R/cp, thermodynamic ratio (= 0.286) =S —

KEYS (J) logical control parameters (not used) == —
KKK packed data location in COMP 3 - 11690

COMP 3

KNT variable input/output identification (not used) -- -

KSET array for KEY control characters (not used) - ==

KTP variable identification for history tape -- -
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FORTRAN Program
Symbol Meaning Units Location
K1l 2K, identifier for u, or v, - 11550
CoMP 3
K2 2K + 1, identifier for us or v, -- 11560
COMP 3
L level indicator (L = 1 for level 1, L = 2 for - -
level 3)
LAND land location indicator - 7870
COMP 3
LAT (J) ?,, latitude of grid point radians 14490
. MAGFAC
LDAY t, day numbering origin (= 0) day 15010
INSDET
LTP variable input/output identification (not used) - -
LYR year (1f reset from input) year 15040
INSDET
M logical KEY function argument = --
MARK MARK 1, control number in topography deck -- 13680
(= 0 if deck not read) INPUT
MAPGEN map generation identification == ==
ST map list identification (not used) - -
(3,40)
MAXDAY DAYPYR + 10_2, maximum allowed day in year day 15280
(= 365.01) SDET



n
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FORTRAN Program
Symbol Meaning Units Location
METER identification for topographic height - )
MNTHDY identification for day of month day ==
M@NTH(12) days in each month (beginning with January) day -
MRCH identifier for steps in time integration == 1920,
(=1, 2, 3, or 4) 2120-2140
STEP
MTP variable identification for printed output - ==
N logical variable in KEYS array - -
NCYCLE control parameter for MRCH (= 5) - 13340
INPUT
NC3 number of time steps between uses of subroutine - 13340
COMP 3 (= 5) INPUT
NM integer part of DRAT - 6930
AVRX
N@QUT map generation output parameter == =S
NP@L zonal mean at north pole (various) -
NS control parameter for time integration - 2110
STEP
NSTEP control parameter for time integration == 0280
CONTROL
$#CEAN ocean location indicator - 7850
COMP 3
@¢FF solar declination control parameter == —
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FORTRAN Program
Symbol Meaning Units Location
PJ,I) T = Pg = Pps surface pressure parasitter mb ==
PASS2 data control parameter (not used) - -
PBl1 (1) CONV(1,I), parameter for south poie mass mzsec-lmb 4320-4410
convergence COMP 1
(2) Qr(1,1,L), parameter for south pole (various) €450-6500
calculations COMP 2
PB2 (1) CONV(JM;I), parameter for north pole mass mzsec-lmb 4330-4420
convergence COMP 1
(2) QT(JM,I,L), parameter for north pole (various) 6460-6510
calculations COMP 2
PB3 PV(1,I), parameter for s-uth pole mass convergence mzsec-lmb 4340-4430
COMP 1
PB4 PV(JM,1), parameter for north pole mass convergence mzsec-lmb 4350-4440
COMP 1
*
PC1 (ATl) = (hé - ha)TISAC/TT » level 1 temperature deg 9310
CP r COMP 3
change due to penetrating convection
*
PC3 (ATJ) - (hé - ha)TZSAt/TT » level 3 temperature deg 9320
cp J COMP 3
change due to penetrating convection
PHI(J,I) (1) ¢, or ¢., level 1 or 3 geopotential mzsec- 5380, 5420
1 3
COMP 2
(2) o,ma; or 03“03' pressure gradient parameter mzsec_ 5760
COMP 2
PHI4 ¢4 = VPHI4(J,I), surface geopotential (= 0 if ocean) mzsec- 5300

COMP 2
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FORTRAN Program
Symbol Meaning Units Location
PI constant 7 = 3,1415926 -- 13040
INPUT
) > & 2 '1
PIT(J,I) -(man)[V-ﬂ(V1+V3)]-CGNV(J.I)+PV(J.I), m sec mb 4520
coMP 1
net column mass convergence (= 7 tendency)
PK1 p;, upper-level pressure to kappa power (mb)'c 4600
COMP 1
PK3 pg. lower-level pressure to kappa power (mb)'c 4610
COMP 1
PL1 P, " pT‘+ LN level 1 pressure mb 4580
coMP 1
PL1K p;, upper-level wressure to kappa power (mb)'c 8120
COMP 3
PL2 P, = Pp *+ n/2, level 2 pressure mb 8100
coMP 3
PL2K p;, middle-level pressure to kappa power (mb)'c 8140
coMp 3
PL3 Py = Py + Cqms level 3 pressure mb 4590
coMP 1
PL3K pg. lower-level pressure to kappa power (mb)‘ 8130
COMP 3
PM P. - P.. standard tropospheric pressure depth (= 800)| mdb 7370
o T
coMP 3
29 -
- - . T -
PREC (Aq)LS [q3 qs(T3)] 1+ (L/cp)Beqs(.3)T3 3G 86zgﬁy ,

level 3 moisture change due to large-scale

condensat ion
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FORTRAN
Symbol Meaning Units Location
PSF reference global mean surface prescure (= 984) mb 1430
GMP,
13480
INPUT
PSL P, reference sca-level pressure (= 1000) mb 13460
o INPUT
PT(J,1) n 4+ At PIT/mn, updated ™ value mb 4540
coMP 1
PTRK p; (mb)"* 8150
CoOMP 3
PTR@P Pr» tropopause pressure (= 200) mb 13460
INPUT
* * Ty o)
PU(J, 1) (1) u e nnu, zonal mass flux (at u points) m sec mb 2780-2890
COMP 1
(2) TEMP 1, provisional pressure gradient parameter mzsec-z 5560
CoMP 2
(3) TEMP, provisional term in energy equation leczdeg 6190
(other provisional definition in 6270 COMP 2, COMP 2
12320 coMP 4)
* * 2 =1
PV(J,1) (1) v = mmv, meridional mass flux (at v points) m sec mb 2910-2940
coMP 1
(2) CONVM, mass convergence at level 2 mzsec-lmb 4230
coMP 1
(3) polar PU equivalent (various definitions) mzsec-lnb 3050-3170
(other definitions in COMP 4) CoOMP 1
P1CB pl/lﬂ, level 1 pressure in centibars cb 8370
CcoMP 3
P1OK | p. (mb)” 7310

COMP 3
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FORTRAN Program
Symbol Meaning Units Location
P3CB p3/10. level 3 pressure in centibars cb 8380

COMP 3
P4 Py "W + Pps surface pressure mb 8070
COMP 3
P4CB p4/10. surface pressure in centibars cb 8390
COMP 3
Pk | P, (mb)” 8080
COMP 3
Q(J,1,K) equivalence array (K = 1, 2, ... 9; see (various) 2060
Chapter VII, Subsection A.3) STEP
Qp(J,1,9) array identification (alternate to QT) -- -
QG q.(‘r ), ground-level saturation mixing ratio -- 9030
g CoMP 3
QN Aq3. total level 3 mixing ratio change due to -- 11300
convection, condensation, evaporation comMp 3
Qs1 q.(Tl). level 1 saturation mixing ratio - 8400
COMP 3
Qs3 q (13). level 3 saturation mixing ratio -- £410
= COMP 3
QT(J,1,K) equivalence array for temporary variables (various) 2070
(K=1, 2, ... 8; see Chapter VII, STEP
Subsection A.3)
Qrér equivalence array (see Chapter VII, Subsection A.3) (various) 0140
(J,1,20) COMMON
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FORTRAN Program
Symbol Meaning Units Location
Q3(J,1) qqs leval 3 mixing ratio -- -
Q3M level 3 moisture parameter - 3410, 3660
COMP 1
Q3R q, - (AqJ) » level 3 mixing ratio after large-scale -- 8680
LS CCMP 3
condenration
Q3RB | max(q,, 10-5), provision to insute q, 2 1073 - 9770
COMP 3
Q3T(J,1) q3n. pressure-area-weighted level 3 mixing ratio mznb 2570
(also moisture flux at 3710, 37:0 COMP 1) corp 1
4 1) RH4 T) + /L T, = T -- 9110
Q (1) [qs( 8) (cp )Ys( 4 8)]. -
level 4 moisture parameter
[ 4
(2) q, = qs(TJ) + [03(ps/p°) - ‘rl.](cp/L). - 9333MP ;
level 4 mixing ratio
RAD a, earth's radius (= 6375) (redefined in m in km 13420
13640, INPUT) INPUT
RCNV DTC3/TGNV, = SAt/tr = 1/2 1 4 7290
r COMP 3
RESET day and year control parameter == o
RGAS R, gas constant for dry air (= 287) mzdeg-lsec-2 13440
INPUT
RH3 RH3 - qalqs(r3). relative humidity at level 3 -- 8450

coMP 3
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FORTRAN Progran
Symbol Meaning Units Location
RHG | RH, = 2RH, - GW(RH, + GW)™", ground-level humidity - 9000

measure coMp 3
ROT t =t ¢ 2PI/24 hr, hour of day (converted to radians 7790
radians) COMP 3
ROTPER period of solar rotation (= 24.0) hr 13090
INPUT
R@L o, = p_ (RT )-1. air density at level 4 (surface) 8 cm-3 9370
4 s 4
COMP 3
RSDIST square of the normalized earth/sun distance -- 15520
SDET
RSETSW input identification == =
RUNGFF WET/2, fraction of rainfall which runs off -- 11340
COMP 3
RO (1) E', long-wave radiation parameter at tropopause ly day-l 10200
o
coMr 3
~ ~ * -
(DR =R +0.8(1-CL(R, -K) + t(u), ly day! 11190
o o 4 4 o COMP 3
net upward long-wave radiative flux at
tropopause
ROC R"CL, cloudy sky part of long-wave radiative flux ly day-l 10040, 10100,
y 10170
at tropopause, times cloudiness (separately coMP 3
defined for cloud types 1, 2, 3) '
ROO R', clear sky part of long-wave radiative flux at ly day-1 9980
o COMP 3

tropopause
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FORTRAN Program
Symbol Meaning Units Location
R2 (1) i}. long-wave radiation Farameter at level 2 | 1y day.1 10210
COMP 3
~ ~ * =
@ Ry =, +0.80 - )y, - §) - T(uy), ly day”l 11180
CoOMP 3
net upward long-wave radiative flux at
level 2
R2C R;CL. cloudy sky long-wave radiative flux at ly day.1 10050, 10010,
level 2, times cloudiness (separately defined 10éggp 3
for cloud types 1, 2, 3)
R20 Ri. clear sky part of long-wave radiative flux ly day.1 9990
at level 2 .3
R4 (1) i&’ long-wave radiation parameter at ly day.1 10220
COMP 3
level 4
(2) R, =R, + 013(1 - T ), net upward long- ly day-l 11170
b 4 sigr g COMP 3
wave radiatfve flux at level 4 (surface)
R4C RZCL. cloudy sky long-wave radiative flux at ly day.1 10190
level 4 (ground), times cloudiness g 1
R4O k;s clear sky part of long-wave radiative flux ly .my-1 10000
at lével 4 (ground) R 5
SA S: ~ 0.349 S cos ¢, part of incoming solar 1y day-1 10460
radiation subject to absorption g 3
SCALE scale factor for layer radiative heating deg ly-1 11680
COMP 3
SCALEP scale factor for laver latent heating mm day.lmb-1 7420

COMP 3
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FORTRAN Program
Symbol Meaning Unite Location
SCALEU {10/c_)(2g/7), scale factor for column heat deg ly-] 7400
P COMP 3
capacity
SCc@sz S° coa 7, tocal solar radiation at top of ly day.1 10280
atmosphere .
DIL,D | (m/DY + n (¥, - T)) = oNv(a,1) - PV, m2aec lmb 4530
s L COMP 1
net masa convergence (= S = 2mnng)
SDEDY day counter starting from origin LDAY day 15030
INSDET
SDU éu, four-point average mass convergence mJSec-zmb 4750
coMP 1
SEAS@N (DY-173.0)/365, time parameter in aolar - 15440
declination SDET
S161 Oy» upper-level o value (= 1/4) -- 7230
COMP 3
SI1G) Oqs lower-level o value (= 3/4) - 7240
COMP 3
S1GC@ FL/2, level designatof - 12360
COMP 4
SIND sin ;, sine of solar declination -- 15530
SDET
SINL(J) ain © , sine of latitude - 14950
J INSDET
SINT control parameter (not used) -- --
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FORTRAN Program
Symbol Meaning Units Location
SN(J,I) identification for vT(1,1,2) - -
SNgW designator for snow-covered land - 7880
COMP 3
SNOWA snowline in northern hemisphere (varies *15° radians 7460
about 60 deg N) COMP 3
SN@WS snowline in southern hemisphere (= 60 deg S) radians 7470
COMP 3
SP P(J,I) = n, surface pressure parameter mb 8050
COMP 3
SPUL zonal mean at south pole (various) --
SS Si - 0.6515o cos [, part of incoming solar ly day-1 10470
radiation subject to scattering e 0
$s1 8.(p./p )" + (0. - o Y(p,/p )*, convective deg 8760
38" Yo 1 35 2 Eo CoOMP 3
stability parameter
K 1 . [
ss2 8,(p,/p )" + 7 (8 = 89)(p,/p_)", convective deg 8728\@ y
stability parameter =
583 93(p Ip )‘. convective stability parameter deg 8740
8 0
coMP 3
STAGI logical variable for zonal map staggering - -
STAGJ logical variable for meridional map staggering - -
STB@ 0, Stefan-Boltzman constant 1y day-ld@g-a 7650

CoOMP 3
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FORTRAN Program
Symbol Meaning Units Location
i) S , solar constant (modified for earth/sun ly day"1 7610

o COMP 3
distance)
s6 | s, = (1 - LISy + CLSY, total flux of short- ly day’t 10940
wave radiation absorbed by the ground B
S4C S;. cloudy sky part of short-wave radiation ly day-1 10660, 10760,
absorbed by the ground (defined separately logggp 3
for cloud types 1, 2, 3)
$40 Sé, clear sky part of short-wave radiation ly day-1 10570
absorbed by the ground BRE2
T(J,I,L) level 1 or level 3 temperature (also for deg 8280
temperature after heating and smoothing CoMP 3
in 11470, 11980, COMP 3); L = 1 denotes
T,, L = 2 denotes T
1 3
TAU time in hr hr ==
TAUC input identification (not used) - -
TAUD frequency of recalculation of solar declination hr 13310
(= 24) INPUT
TAUE day of integration end day, hr 13310, 13320
INPUT
TAUH frequency of history tape storage (= 6) hr 13310
INPUT
TAUI TAUID « 24 + TAUIH, starting time (in hr) hr 13290
INPUT
TAUID starting time day 13730

INPUT
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FORTRAN Program
Symbol Meaning Units Location
TAUIH hour of ztarting time hr 13740

INPUT
TAUg output interval (= 24) hr 13310
INPUT
TAUX starting time parameter hr 13700
INPUT
TBAR (T1 + T3)/2, average temperature deg 12830
COMP 4
TCNV relaxation time for cumulus convection (= 3600) sec 13400
INPUT
T0(J,1I) (T3 - Tl)/2n. vertical temperature (lapse-rate) deg mb-1 12740
COMP 4
parameter
TDBAR smoothed value of TD deg mb-l 12790
COMP 4
TDSM weighted TD parameter deg 12820
COMP 4
TEM E, conduction coefficient for ice (also defined ly day-ldeg-1 11080
as cloudiness parameters in COMP 3 but not CoMP 3
used)
TEMB short-wave radiative flux reflected from type 1 ly day-1 10840
cloud top COMP 3
TEMP (1) intermediate parameter in thermodynamic seczdeg 6160-6340
energy conversion calculation CoMP 2
(2) 1, penetrating convection parameter deg 9280
CoMP 3
(3) (H1 - H3)/2, heating parameter deg 11460

COMP 3



=400~

FORTRAN Program
Symbol Meaning Units Location
TEMP (4) vertical wind shear (u, ~ u. or v. - v,) m sec-1 11570
1 3 1 3
COMP 3
(5) ﬁA, averaged heating deg 11930~11950
COMP 3
TEMP1 (1) intermediate parameter in pressure gradient mzsec-zmb 5550, 5810
calculation CoMP 2
* * A
(2) 7, = (h, = h ) + Y,) = + LR/2, deg 9260
1 3 1 1
COMP 3
penetrating convection parameter
TEMP2 (1) intermediate parameter in pressure gradient m3sec-2mb 5570, 5830
calculation COMP 2
(2) v, = 0.(p,/p )" - T, + Lr/2, deg 9270
2 34" %o 4
COMP 3
penetrating convection parameter
A" A -1
TEMS (S&) y flux of So reaching level 4 through ly day 10630, 10730,
clouds (defined separately for cloud types 1, 10880 3
2, 3) COMP
TEMSCL sea-surface temperature unit indicator - 15910
INIT 2
* * * -2
TEMU (uu° - u; or u3) sec [, parameter for transmission g cm 10720, 10830
A COMP 3
of So through type 1 or type 3 clouds
2 -1 -1 ~2
TEM1 p3q3(2 + K) "g 7, water vapor parameter g cm 9790
CoMP 3
TEM2 p2q (2 + K)-lg-l(p /p )2+K, water vapor parameter g cm-2 9800
373 473
COMP 3
TETAM ezp;K, temperature parameter deg mb ™~ 4620

CoMP 1
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FORTRAN Program
Symbol Meaning Units Location
TETAl el’ level 1 potential temperature deg K 8720
COMP 3
TETA3 83. level 3 potential temperature deg K 8730
COMP 3
TEXCO DT, time step (= 360) (also defined as DT/2 in sec 2470
2480 COMP 1, 4970 COMP 2 for advective terms) COMP 1
4960
COMP 2
TG T , ground temperature (original) deg K 8560
g COMP 3
TGR (1) Tgr = T8 if ocean, Tgr - To if ice deg K llgggp ;
or sno. and T _ > T
gr o
()T - (Al + A2)/(B1l + B2), ground temperature deg K 11130
g COMP 3
(revised)
TGOO TPPPG, ocean surface temperature or surface deg or 7840
geopotential 2 =2 COMP 3
m sec
THL1 Blp-K, level 1 temperature parameter deg mb ¥ 8220
o COMP 3
THL3 e3p'”, level 3 temperature parameter deg mb ¢ 8230
o COMP 3
THRP time in days and fractions (= TAU/24) day 1970
STEP
TICE To, melting point of ice (= 273.1) deg K 7350
COMP 3
T@FDAY t = time of day counter (Greenwich hours) hr 14120

INPUT
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FORTRAN Program
Symbol Meaning Units Location
TEPEG(J,I) surface topography indicator deg or 16090
2 -2 INIT 2
m secC
0.416, 71
TRANS (X) T(x) = (1 + 1.75x ') » Slab transmission - 7150
function for long-wave radiation CoMP 3
(x=u -2
X = u in g em °)
TREADY integration control parameter (not used) - -
TRST tape output control parameter == ==
0.303
TRSW(X) 1 -0.271x s transmission function for -- 7160
* -2 COMP 3
short-wave radiation (x = u in g cm %)
TS(J,I) identification for UT(1,1,2) - -
TSPD DAY/DTC3, number of source (COMP 3) calculations - 7410
per day (= 48) COMP 3
TT(J,I,L) (1) T, temperature deg K 1960
STEP
(2) I, pressure-area-weighted temperature mzdeg b 2620
COMP 1
TTR@P T, or T,, tropopause temperature (extrapolated deg K 8510
T 0
‘ COMP 3
from T1 and T3 in p space
Tl Tl’ level 1 temperature (redefined if convective deg K 8200, 8280
COMP 3
adjustment occurs)
T2 T2, level 2 temperature deg K 8520

COMP 3
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FORTRAN Program
Symbol Meaning Units Location
T3 T3, level 3 temperature (redefined if convective deg K 8210, 8270
adjustment or large-scale condensation occurs Lo
in 8660, COMP 3)
T4 T&’ alr temperature at level 4 (redefined if deg K 9090
convection occurs in 9340, COMP 3) GRS 3
u@,1,L) u, 2onal wind speed (L = 1 designates U L=2 m sec-l -
designates u3)
4  * * -1
URT cTTT(um - uT), total long-wave flux at tropopause ly day 9950
COMP 3
from atmosphere above tropopause
4  * * -1
UR2 cTz't(u°D - u2), total long-wave flux at level 2 ly day 9960
from atmosphere above level 2 W §
Us u = 0.7(3u3 - ul)/2, surface zonal wind speed m set:'.1 7530
3 COMP 3
UT(1,1,1) provisional variable during zonal smoothing - 7000
AVRX
uT(J,1,L) (1) uﬂu, pressure-area-weighted zonal wind speed m3mb set:'.1 2670
COMP 1
(2) ull, value after Coriolis force calculation m3mb set:-1 3170
CoMP 2
v({J,I1,L) v, meridional wind speed (L = 1 designates Vs m set:n1 -
L = 2 designates v3)
VAD | TEXCO %u,,v,/2, vertical advection of ¥ans lak 4780, 4810
COMP 1

u,v momentum
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FORTRAN

Program
Symbol Maaning Unite Location
VAK 2 + K, parameter for effective water amount - 9780
COMP 3
VIVA data control parameter (not used) - --
VKEYV name of labeled common block (KEYS) -- --
w1 polar mass flux parameters (various definitions) - 2990-3120
coMP 1
™2 polar mase flux parameters (various definitions) -- 3000-3210
CoMP 1
VPHI4(J, 1) 64 surface (level 4) geopotential (& 0 1f ocean) a nc.2 1570
VPRI
VPK1 (PI,PJ)" level 1 geopotential parameter .- 5330
COMP 2
VPK3 (p3/p1)'c. level 3 geopotential parameter -- 5340
COMP 2
VPS1 011'/91, level 1 pressure gradient parameter -- 5310
coMP 2
VPS3 aan/p:,. level 3 pressure gradient parameter - $320
COMP 2
Vs v_® 0.7(3v, - v.)/2, surface meridional wind m lec-1 7540
] 3 1
CoMP 3
speed
vT(J,1,L) (1) vn“. pressure-area-veighted meridional wind njuc°1nb 2680
speed CoMP 1
| (2) v, value after Coriolis force calculation n3uc-lnb 5190

CoMP 2
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Symbol Meaning Units Location
W, 1) temporary variable for H, PV, PHI, QT (various) -
WET GW, ground wetness (scaled 0 to 1) - 11360
CoMP 3
WINDF lﬁ.lw + G, surface wind speed with gustiness  sec”} 8930
correction (G = 2.0 m lec-l) conp. 3
WMAG IV.|". surface wind speed (root-mean-square value)| = net:_1 7940-7950
COMP 3
WMAGJM IV.I’. surface wind speed for north pole v sec ! 7570
coMP 3
WMAG1 |V |", murface wind speed for snuth pole » sec ! 7560
E COMP 3
w‘lxl(d.t)} i
WORK2 (J, 1) temporary array in map routines (various) 17;2PGEN
WM |mn|, area weighting factor magnitude n’ 1370, 1400
CMP
i - 11670
W 2mnn$, vertical velocity measure m- mb hr COMP 3
XLABL(9) input character identification -- -
XLEV level identification parameter (not used) - -
Xxx1 (T, + T )/(p‘ + p‘), convective adjustment deg mb " 8250
SRR COMP 3

parameter
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FORTRAN Program
Symbol Meaning Units Location
Xxx packed data location (= KKK) -- 11700

coMP 3
ZL3 avarage height of level 3 (= 2000) n 8920
COMP 3
ZM(J) zonal mean at latitude qa (various) 1360
GMP
MM global mean (various) 1420
GMP
ZMPNTH(3,12) names of months - --
222 n 7900

o.lg. height of surface (level 4) (= 0 if ocean)

COMP 3
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